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Mouse GP88 cDNA

E GGA CCC CGA CGC AGA CAG ACC ATG TGG GTC CTG ATG AGC TGG CTG 46
M W V L M S W L 8

GCC TTC GCG GCA GGG CTG GTA GCC GGA ACA CAG TGT CCA GAT GGG CAG 94
A F A A G L Y A G T Q C P D G Q 24

TTC TGC CCT GTT GCC TGC TGC CTT GAC CAG GGA GGA GCC AAC TAL AGC 142
F ¢ p VvV A C €C L D Q@ G G A N Y S 40

TGC TGT AAC CCT CTT CTG GAC ACA TGG CCT AGA ATA ACG AGC CAT CAT 190
c ¢ N P L L D T W P R I T S H H ob

CTA GAT GGC TCC TGC CAG ACC CAT GGC CAC TGT CCT GCT GGC TAT TCT 238
L D 6 5 € @ T H G H € P A G Y S 12

TGT CTT CTC ACT GTG TCT GGG ACT TCC AGC TGC TGC CCG TTC TCT AAG 286
c L L 1T Vv &S 6 T §$ § € C P F S K 88

GGT GTG TCT TGT GGT GAT GGC TAC CAC TGC TGC CCC CAG GGC TTC CAC 334
G v $ €¢C 66 D 6 Y H C C P Q G F H 104

TGT AGT GCA GAT GGG AAA TCC TGC TTC CAG ATG TCA GAT AAC CCC TTG 382
c §$ A D G K 5 € F 0 M S D N P L 120

GGT GCT GIC CAG TGT CCT GGG AGC CAG TTT GAA TGT CCT GAC TCT GCC 430
G A v Q ¢ P 6 5 G F E C P D § A 136

ACC TGC TGC ATT ATG GTT GAT GGT TCG TGG GGA TGT TGT CCC ATG CCC 478
T ¢ ¢ I M VvV D 6 S W 6 € C P M P 152

CAG GCC TCT TGC TGT GAA GAC AGA GTG CAT TGC TGT CCC CAT GGG GCC 526
@Qd A S € € &£t D R ¥V H € € P H G A 168

TCC TGT GAC CTG GTT CAC ACA CGA TGC GIT TCA CCC ACG GGC ACC CAC 574
s ¢ b L VvV " T R C V § P T GG T H 184

ACC CTA CTA AAG AAG TTC CCT GCA CAA AAG ACC AAC AGG GCA GTG TCT 622
T L L K K F P A Q K T N R A V S 200

TTG CCT TTT TCT GTC GTG TGC CCT GAT GCT AAG ACC CAG TGT CCC GAT 670
L ¢ F S Vv V € P D A K T Q C P D 216

FIG. 1A
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Mouse GP88 cDNA (continued)

GAT TCT ACC TGC TGT GAG CTA CCC ACT GGG AAG TAT GGC TGC TGT CCA 718
b s T ¢ C E L P T G K Y G C C P 232

ATG CCC AAT GCC ATC TGC TGT TCC GAC CAC CTG CAC TGC TGC CCC CAG 766
M P N A I C C S D H L H C C P Q 248

GAC ACT GTA TGT GAC CTG ATC CAG AGT AAG TGC CTA TCC AAG AAC TAC 814
o T v ¢ D L I Q@ S5 kK € L § K N Y 264

ACC ACG GAT CTC CTG ACC AAG CTG CCT GGA TAC CCA GTG AAG GAG GTG 862
T T D L L T K L P G Y P ¥V K E V¥ 280

AAG TGC GAC ATG GAG GTG AGC TGC CCT GAA GGA TAT ACC TGC TGC CGC 910
K ¢ b M £E v § €C P E G Y T C C R 296

CTC AAC ACT GGG GCC TGG GGC TGC TGT CCA TTT GCC AAG GCC GTG TGT 958
L N T G A W G € C P F A K A VvV C 312

TGT GAG GAT CAC ATT CAT TGC TGC CCG GCA GGG TIT CAG TGT CAC ACA 1006
c £E b H I H C C P A G F Q C H T 328

GAG AAA GGA ACC TGC GAA ATG GGT ATC CTC CAA GTA CCC TGG ATG AAG 1054
E K 6 T C E X G I L Q V P W M K_ 34
AAG GTC ATA GCC CCC CTC CGC CTG CCA GAC CCA CAG ATC TTG AAG AGT 1102

v I A P L R L P D P 1 L K S 360

K

GAT ACA CCT TGT GAT GAC TTC ACT AGG TGT CCI. ACA AAC AAT ACC TGC 1150
b T C D D F T R C P T N N T C 376

TGC AAA CTC AAT TCT GGG GAC TGG GGC TGC TGT CCC ATC CCA GAG GCT 1198
c K L N S G D W G C C P I P E A 392

GTC TGC TGC TCA GAC AAC CAG CAT TGC TGC CCT CAG GGC TTC ACA TGT 1246
v ¢ ¢ 5 D NQH C C P Q G F T C 408

CTG GCT CAG GGG TAC TGT CAG AAG GGA GAC ACA ATG GTG GCT GGC CTG 1294
L A Q@ 6 Y € Q@ K 6 D T M ¥V A G L 424

GAG AAG ATA CCT GCC CGC CAG ACA ACC CCG CTC CAA ATT GGA GAT ATC 1347
E K I P A R Q T T P L Q I G D 1 440

FIG. 1B
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Mousé GP88 cDNA (continued)

GGT TGT GAC CAG CAT ACC AGC TGC CCA GTA GGG CAA ACC TGC TGC CCA
G C D Q H TS C P V G QTCC P

AGC CTC AAG GGA AGT TGG GCC TGC TGC CAG CTG CCC CAT GCT GTG TGC
S L K 6 §$ W A €C €C Q L P H A V C

TGT GAG GAC CGG CAG CAC TGT TGC CCG GCC GGG TAC ACC TGC AAC GTG
c £E b R ¢ H € C P A G Y T C N V

AAG GCG AGG ACC TGT GAG AAG GAT GTC GAT TTT ATC CAG CCT CCC GTG
K A R T C E K O V D F I Q@ P P V

CTC CTG ACC CTC GGC CCT AAG GTT GGG AAT GTG GAG TGT GGA GAA GGG
L L T L & P K V 6 N V E C G E G

CAT TTC TGC CAT GAT AAC CAG ACC TGT TGT AAA GAC AGT GCA GGA GTC
H F C H D N @ T C € K D S A G V

TGG GCC TGC TGT CCC TAC CTA AAG GGT GIC TGC TGT AGA GAT GGA CGT
W A C C P Y L K G VvV € € R D G R

CAC TGT TGC CCC GGT GGC TTC CAC TGT TCA GCC AGG GGA ACC AAG T1GT
H C ¢ P G G F H € S A R G T K C

TTG CGA AAG AAG ATT CCT CGC TGG GAC ATG TIT TTG AGG GAT CCG GTC
L R K K I P R W D M F L R D P V

CCA ACA CCG CTA CTG TAA GGA AGG GCT ACA GAC TTA AGG AAC TCC ACA
P R P L L *

GTC CTG GGA ACC CTG TTC CGA GGG TAC CCA CTA CTC AGG CCT CCC TAG
CGC CTC CTC CCC TAA CGT CTC CCC GGC CTA CTC ATC CTG AGT CAC CCT
ATC ACC ATG GGA GGT GGA GCC TCA AAC TAA AAC CTT CTT TTA TGG AAA
GAA GGC TGT GGC CAA AAG CCC CGT ATC AAA CTG CCA TIT CTT CCG GTT
TCT GTG GAC CTT GTG GCC AGG TGC TCT TCC CGA GCC ACA GGT GIT CIG

TGA GCT TGC TIG TGT GTG TGT GCG CGT G1G CGT GIG T1G CiC @ TAA

AGT TTG TAC GCT TTC TGA AAA AAA AAA

FIG. 1C
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Nucléotide sequence of human granulin/epithelin precursor (human GP88).

Human Granulin Genbank M75161%

[cgcaggcaga
ggaacgcggt
gccagctaca
ctgggtggcc

gtctcaggga
cactgctgcc

ggtaacaact
tccacgtgcet
tgctgtgaag
cgctgcatca
daacagggcag
gatggttcta
gccacctgcet
cagagtaagt
cacacagtgg
tgccgtctac
gaccacatac
¢aggggcccce
ccacaagcct
acctgctgcc
tgctcggacc
cagcgaggaa
tcecaccececa
tgcccgagcec
gatcgccagce

ccatgtggac
gccecagatgg
gctgctaccg
cctgcecaggt
cttccagttg
cacggggctt

ccgtlgggtgc
gtgttatggt

acagggtgca
cacccacyggg

tagccttgte
cctgctgtga
gctccgatca
gcctctcecaa
gcgatgtgaa
agtcgggggc
actgctgtcc
accaggtgcc
tgaagagaga
dactcacgtc
dccagcactyg
gcgagatcgt
gagacatcgg
agggtgggag
actgctqgccc

aaggaagtgg tctctgccca

aaggacgtgg

aaccgacagg gctgggcctg

cactgctgtc
gcececgegcet
gtactgaaga
gtactgaaga
cctagcacct

gggaggtggg
attacaagct

agtgtgggga

ctgctggctt
gggacgcccec
ctctgcagcc
ctctgcagcc
ccccctaace
gcctcaatcet
gccatcecect

cttggtgagc
tcagttctgc
tceecttictyg
tgatgcccac
ctgccecttc
ccactgcagt
catccagtgc
cgatggctcc
ctgctgtccg
CACCCacccce
cagctcggtc
gctgcccagt
cctgcactge
ggagaacgct
atgtgacatg

tgggtggcct
cctgtggect

gacdaatggc

taacagcagg
gctgcctgga
ccacaacact

tgctctgeeg geccactcectg
ccagaggccg tggcatgcgg

gCagacggga
cctgatagtc
tgggggtgct
cacggtgcct
ctggcaaaga
atgtgtccgg
gggaagtatg
tgccceccaag
accacggacc

gaggtgagct

ctggggctgc tgccctttta

cgcggggttt
ctggatggag
tgtccectgt
tggggagtgg
ctgcccececag
ggctggactg
ctgtgaccag
ctgggcctgce
ggctggctac
gcectgcecace
aggacacttc
ctgtccctac
ccgctgegca
tttgagggac
ctcgggacce
ctcgggacce

aaggcccttc

acgtgtgaca

aaggccccag
gataatgtca
ggctgctgtc
cgatacacgt
gagaagatgc
cacaccagct
tgccagttgc
acctgcaacg
ttcctggecce
tgccatgata

gatcctgctt
agttcgaatg
gceccatgcc
tctgcgacct
agctccctge
acgcacggte
gctgctgccec
acactgtgtg
tcctcactaa
gcccagatgg
cccaggctgt
CgCagaagggd
ctcacctcag
gcagctgtcc
caatcccaga
gtgtagctga
ctgccegeceyg
gceccggtgag
cccatgctgt
tgaaggctcg
gtagccctcea
accagacctg

gctggtgget
ccccggagga
gagcaggcat
catctttacc
ggatggccat
cCdaagatca
cccggactte
ccaggcttcc
ggttcacacc
ccagaggact
¢cggtgccct
aatgcccaac
tgacctgatc
gctgcctgeg
ctatacctgce
gtgctgtgag
tacctgtgaa
cctgccagac
ctcctecgat
ggctgtctgc
ggggcagtgt
cggttcctta
cggaacctgc
gtgctgcgag
atcctgcgag
cgtgggtgtg
ctgccgagac

gcccagggeyg tctgttgtge tgatcggege
cgcaggggta ccaagtgttt gcgcagggag
ccagccttga gacagctget gtgagggaca
cactcggagg gtgccctetg ctcaggectce
cactcggagg gtgccctetg ctcaggectc
aaattctccc tggaccccat tcectgagectcce ccatcaccat
cctgtcagaa gggggttgag gcaaaagccc
cccecgtttca gtggaccctg tggccaggtg cttttcecta
tccacagggg tgtttgtgtg ttgggtgtgec tttcaataaa gtttgtcact ttctt*

FIG. 2A
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Amino-acid sequence of human granulin/epithelin precursor (human GP88).

MWTLVSWVALTAGLVAGTRCPDGQFCPVACCLOPGGASYSCCRP

LLDKWP TTLSRHLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRG
FHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCCYMVDGSWGCCPMPQASCCED
RVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAVALSSSYMCPDARSRCPDG
STCCELPSGKYGCCPMPNATCCSDHLHCCPQDTVCDLIQSKCLSKENATTDLLTYLPA
HTVGDVKCDMEVSCPDGYTCCRLQSGAWGCCPFTQAVCCEDHIHCCPAGF TCDTQKGT
CEQGPHQVPWMEKAPAHL SLPDPQALKRDVPCDNVSSCPSSDTCCQLTSGEWGCCPIP
EAVCCSDHQHCCPQRYTCVAEGQCQRGSE IVAGLEKMPARRGSLSHPRDIGCDQHTSC
PVGGTCCPSQGGSWACCQLPHAVCCEDRQHCCPAGYTCNVKARSCEKEVYSAQPATFL

ARSPHVGVKDVECGEGHFCHDNQTCCRDNRAGWACCPYAQGVCCADRRHCCPAGFRCA
RRGTKCLRREAPRWDAPLRDPALRQLL*

FIG. 2B
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COMPOSITIONS AND METHODS FOR
RESTORING SENSITIVITY OF TUMOR
CELLS TO ANTITUMOR THERAPY AND
INDUCING APOPTOSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/480/439, filed Jun. 23, 2003. The fol-
lowing U.S. Patents and U.S. Patent Publications are
expressly incorporated by reference herein in their entirety:
U.S. Pat. No. 6,720,159; U.S. Pat. No. 6,309,826; U.S.
patent Publication No. 2003/0099646; U.S. patent Publica-
tion No. 2003/0215445; and U.S. patent Publication No.
2002/0025543.

FIELD OF THE INVENTION

This 1nvention relates to cell biology, physiology and
medicine, and concerns an 88 kDa glycoprotein growth
tactor (*“*GP88”) and compositions and methods which aflect
the expression and biological activity of GP88. This inven-
tion also relates to kit products, compositions and methods
which are useful for diagnosis and treatment of diseases
including cancer.

BACKGROUND OF THE INVENTION

The proliferation and differentiation of cells 1n multicel-
lular organisms 1s subject to a highly regulated process. A
distinguishing feature of cancer cells 1s the absence of
control over this process; proliferation and differentiation
become deregulated resulting 1n uncontrolled growth. Sig-
nificant research eflorts have been directed toward better
understanding this difference between normal and tumor
cells. One area of research focus 1s growth factors and, more
specifically, autocrine growth stimulation.

Growth factors are polypeptides which carry messages to
cells concerning growth, differentiation, migration and gene
expression. Typically, growth factors are produced in one
cell and act on another cell to stimulate proliferation. How-
ever, certain malignant cells, 1n culture, demonstrate a
greater or absolute reliance on an autocrine growth mecha-
nism. Malignant cells which observe this autocrine behavior
circumvent the regulation of growth factor production by
other cells and are therefore unregulated 1n their growth.

Study of autocrine growth control advances understand-
ing of cell growth mechanisms and can lead to important
advances 1n the diagnosis and treatment of cancer. Toward
this end, a number of growth factors have been studied,
including 1nsulin-like growth factors (“IGF1” and “IGF2”),
gastrin-releasing peptide (“GRP”), transtforming growth fac-
tors alpha and beta (“TGF-a” and “TGF-b”), and epidermal
growth factor (“EGF”).

The present invention 1s directed to a recently discovered
growth factor. This growth factor was first discovered 1n the
culture medium of highly tumorigenic “PC cells,” an 1nsu-
lin-independent variant isolated from the teratoma derived
adipogenic cell line 1246. This growth factor is referred to
herein as “GP88” or “GP8L.” GP88Y has been purified and
structurally characterized. Amino acid sequencing of GP88
indicates that GP88 has amino acid sequence similarities
with the mouse granulin/epithelin precursor.

Granulins/epithelins (“grm/ep1”) are 6kDa polypeptides
and belong to a novel family of double cysteine rich
polypeptides. U.S. Pat. No. 5,416,192 (Shoyab et al.) 1s
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directed to 6 kDa epithelins, particularly epithelin 1 and
epithelin 2. According to Shoyab, both epithelins are
encoded by a common 63.5 kDa precursor, which 1s pro-
cessed 1nto smaller forms as soon as 1t 1s synthesized, so that
the only natural products found 1n biological samples are the
6 kDa forms. Shoyab et al. teaches that the epithelin pre-
cursor 1s biologically nactive.

Contrary to the teachings of Shoyab et al., the inventor’s
laboratory has demonstrated that the precursor 1s not always
processed as soon as 1t 1s synthesized. Studies, conducted in
part by this inventor, have demonstrated that the precursor
(1.e., GP88) 1s 1n fact secreted as an 88kDa glycoprotein with
an N-linked carbohydrate moiety of 20 kDa. Analysis of the
N-terminal sequence of GP88 indicates that GP88 starts at
amino acid 17 of the grm/ep1 precursor, demonstrating that
the first 17 amino acids from the protein sequence deduced
from the precursor cDNA correspond to a signal peptide
compatible with targeting for membrane localization or for
secretion. Also 1n contrast to the teachings of Shoyab et al.,
GP88 1s biologically active and has growth promoting
activity, particularly as an autocrine growth factor for the
producer cells.

Multi-cellular organisms require a careful balance
between the production and destruction of cells 1n tissues
throughout the body. Apoptosis, or programmed cell death,
1s a controlled process by which damaged cells or cells
replicating outside of normal cellular control can be elimi-
nated without causing the tissue destruction and inflamma-
tory responses often associated with acute injury and necro-
S18S.

Recent studies indicate that apoptosis 1s controlled
through a metabolic pathway which may be induced by a
variety of signals (e.g., hormones, serum growth factor
deprivation, chemotherapeutic agents, 1onizing radiation,
and viral infection). See, e.g., U.S. Pat. Nos. 6,586,395 and
6,570,002. The Bcl-2 family of genes regulate apoptosis in
many cell types. The normal function of Bcl-2 1s to block
apoptosis 1n response to a variety of signals (e.g., radiation,
hyperthermia, growth factor withdrawal, glucocorticoids,
and multiple classes of chemotherapeutic agents). Id. Thus,
blocking the activity of Bcl-2 induces apoptosis. Zhang et
al., Clinical Cancer Research, 5:2971-2977 (October 1999).
For example, the anti-estrogen compound tamoxifen down
regulates Bcl-2 and thus induces apoptosis 1n breast cancer
cells. Id. In addition to inhibiting the growth promoting
ellect of estrogen, tamoxifen has also been shown to induce
programmed cell death 1n breast cancer cell lines and in
clinical samples. Failure to undergo apoptosis in response to
tamoxifen confers tamoxifen resistance.

Anti-estrogen therapy 1s widely used for the treatment of
breast cancer. Tamoxifen has been the major agent used for
this purpose. The activity of tamoxifen 1s typically observed
in breast tumors that are estrogen receptor positive, since
estrogen 1s the major growth stimulator for these types of
tumors. However, after prolonged anti-hormonal therapy,
breast cancer can progress from an estrogen sensitive to
insensitive state. Breast tumors that were previously growth
inhibited by tamoxifen and other anti-estrogen compounds
then become resistant to anti-estrogen treatment.

The morphological changes induced by tamoxifen are
characteristic of the changes induced by apoptosis. Up-
regulation of Bcl-2 by HER?2 suppresses tamoxifen-induced
apoptosis in breast cancer cells. Kumar et al., Clin. Cancer
Res. 1996 Jul.2(7):1215-9. Thus, modulation of Bcl-2 levels
provides a mechanism for inducing apoptosis. Inducing
apoptosis leads to tumor regression by eliminating, shrink-
ing, and destroying tumor cells. Trauth et al., Science. 1989
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Jul. 21;245(4915):301-5. Administration of antisense oligo-
nucleotides directed to the anti-apoptotic Bel-2 gene induces

tumor regression in mice 1 vivo. Elez et al., Oncogene
(2003) 22: 69-80.

What 1s needed are new methods and compositions for
inducing apoptosis and restoring sensitivity to the antitums-
origenic eflects of anftiestrogen therapy and cytotoxic

therapy.

BRIEF SUMMARY OF THE INVENTION

The mventor has unexpectedly discovered that a glyco-
protein (GP88), which 1s expressed 1n a tightly regulated
fashion 1n normal cells, 1s overexpressed and unregulated 1n
highly tumorigenic cells derived from the normal cells, that
(P88 acts as a stringently required growth stimulator for the
tumorigenic cells and that inhibition of GP88 expression or
action 1n the tumorigenic cells results 1 an 1inhibition of the
tumorigenic properties of the overproducing cells.

In one embodiment of the invention, sensitivity to the
antitumorigenic eflects of antiestrogens and/or cytotoxic
compounds 1s restored by administering a GP88 antagonist
to a tumor cell. In another embodiment, the GP88 antagonist
can be administered together with or sequentially with an
antiestrogen or cytotoxic (e.g., chemotherapeutic) com-
pound. Tumor cells overexpressing GP88 are growth stimu-
lated and are resistant to treatment by tamoxifen and other
anti-estrogens. Administration of a GP88 antagonist to a
tumor cell restores sensitivity to (1) tamoxiten and other
antiestrogens (e.g., raloxifene, aromatase ihibitors) and/or
(2) cytoxic or chemotherapeutic agents (e.g., Altretamine,
Bleomycin, Busulphan, Calcium Folinate, Capecitabine,
Carboplatin, Carmustine, Chlorambucil, Cisplatin, Cladrib-
ine, Crisantaspase, Cyclophosphamide, Cytarabine, Dacar-
bazine, Dactinomycin, Daunorubicin, Docetaxel, Doxorubi-
cin, Epirubicin, Ftoposide, Fludarabine, Fluorouracil,
Gemcitabine, Hydroxyurea, Idarubicin, Ifosfamide, Irinote-
can, Liposomal doxorubicin, Lomustine, Melphalan, Mer-
captopurine, Methotrexate, Mitomycin, Mitoxantrone,
Oxaliplatin, Paclitaxel, Pentostatin, Procarbazine, Raltitr-
exed, Streptozocin, Tegafur-uracil, Temozolomide,
Thiotepa, Tioguanine/Thioguanine, Topotecan, Treosulfan,
Vinblastine, Vincristine, Vindesine, and Vinorelbine) and
combinations thereof. GP88 antagonists can also be admin-
istered either before or after administration of an antiestro-
gen and/or a cytotoxic compound to restore sensitivity to the
antiestrogen and/or cytotoxic compound.

The 1nvention also provides methods and compositions
for inducing apoptosis by administering a GP88 antagonist
to a tumor cell. Induction of apoptosis can be determined, for
example, by measuring the level of Bcl-2 protein or mRNA,
measuring the ability of the cell to cleave PARP (poly (ADP
ribose) polymerase), or evaluating the appearance or volume
of the tumor cell or cells.

This mvention also provides GP88 antagonizing compo-
sitions capable of inhibiting the expression or activity of
(P88, methods for treating diseases associated with a defect
in GP88 quantity or activity such as cancer, including, but
not limited to, cancer 1n mammalian blood, cerebrospinal
fluid, serum, plasma, prostate, bladder, nasopharynx, head
and neck, cervix, neural tissue, thyroid, pancreas, urine,
nipple aspirate, liver, kidney, breast, bone, bone marrow,
testes, brain, neural, ovary, skin, and lung, methods for
determining the susceptibility of a subject to diseases asso-
ciated with a defect in GP88 expression or action, methods
for measuring susceptibility to GP88 antagomizing therapy,
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and methods, reagents, and kits for the in vitro and 1n vivo
detection of GP88 and tumorigenic activity 1n cells.

Additional objects and advantages of the invention will be
set forth 1n part 1n the description that follows, and 1n part
will be obvious from the description, or may be learned by
the practice of the mvention.

The present mvention also provides compositions and
methods for diagnosis and treatment of diseases, such as
breast cancer, 1n which cells exhibit an altered expression of
GP88 or altered response to GP88. Use of the term “altered
expression” herein means increased expression Oor overex-
pression of GP88 by a factor of at least two-fold, and at
times by a factor of 10 or more, based on the level of mRNA
or protein as compared to corresponding normal cells or
surrounding peripheral cells. The term “altered expression”
also means expression which became unregulated or con-
stitutive without being necessarily elevated. Use of the terms
increased or altered “response” to GP88 means a condition
wherein increase i any of the biological functions (e.g.,
growth, diflerentiation, viral infectivity) conferred by GP88
results 1n the same or equivalent condition as altered expres-
sion of GP8S.

Use of the term “GP88” or “PCDGF” herein means
epithelin/granulin precursor (also known as progranulin), 1n
cell extracts and extracellular fluids, and 1s intended to
include not only GP88 according to the amino acid
sequences included in FIGS. 1-3, which are of mouse and
human origins, but also GP88 of other species. In addition,
the term also 1ncludes functional derivatives thereof having
additional components such as a carbohydrate moiety
including a glycoprotein or other modified structures.

Also imtended by the term GP88 or PCDGF is any
polypeptide fragment having at least 10 amino-acids present
in the above mentioned sequences. Sequences of this length
are uselul as antigens and for making immunogenic conju-
gates with carriers for the production of antibodies specific
for various epitopes of the entire protein. Such polypeptides
are useful 1n screening such antibodies and in the methods
directed to detection of GP88 in biological fluids. It 1s well
known 1n the art that peptides are useful 1n generation of
antibodies to larger proteins. In one embodiment of this
invention, i1t 1s shown that peptides from 12-19 amino-acids
in length have been successtully used to develop antibodies
that recognize the full length GPSS8.

The polypeptide of this invention may exist covalently or
non-covalently bound to another molecule. For example, 1t
may be fused to one or more other polypeptides via one or
more peptide bonds such as glutathione transferase, poly-
histidine, or myc tag.

The polypeptide 1s sufliciently large to comprise an anti-
genetically distinct determinant or epitope which can be
used as an immunogen to reproduce or test antibodies
against GP88 or a functional derivative thereof.

One embodiment includes the polypeptide substantially
free of other mammalian peptides. GP88 of the present
invention can be biochemically or immunochemically puri-
fied from cells, tissues or a biological fluid. Alternatively, the
polypeptide can be produced by recombinant means in a
prokaryotic or eukaryotic expression system and host cells.

“Substantially free of other mammalian polypeptides”
reflects the fact that the polypeptide can be synthesized in a
prokaryotic or a non-mammalian or mammalian eukaryotic
organism, 1f desired. Alternatively, methods are well known
for the synthesis of polypeptides of desired sequences by
chemical synthesis on solid phase supports and their subse-
quent separation from the support. Alternatively, the protein
can be purified from tissues or fluids of mammals where 1t
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naturally occurs so that 1t 1s at least 90% pure (on a weight
basis) or even 99% pure, 1f desired, of other mammalian
polypeptides, and 1s therefore substantially free from them.
This can be achieved by subjecting the tissue extracts or
fluids to standard protein purification such as on 1mmuno-
absorbants bearing antibodies reactive against the protein.
One embodiment of the present mnvention describes purifi-
cation methods for the purification of naturally occurring
GP88 and of recombinant GP88 expressed in baculovirus
infected 1nsect cells, and in mammalian cells. Alternatively,
purification from such tissues or fluids can be achieved by a
combination of methods known 1n the art.

As an alternative to a native purified or recombinant
glycoprotein or polypeptide, “GP88” 1s intended to also
include functional derivatives. By functional dernivative is
meant a “fragment,” ““variant,” “‘analog,” or “chemical
derivative” of the protein or glycoprotein as defined below.
A functional derivative retains at least a portion of the
tfunction of the full length GP88 which permuits its utility 1n
accordance with the present invention.

A “fragment” of GP88 refers to any subset of the molecule
that 1s a shorter peptide retaiming the tumorigenic properties
of GP88. This corresponds for example but 1s not limited to
regions such as K19T and S14R for mouse GP88, and E19V
and A14R (equivalent to murine K19T and S14R, respec-
tively) for human GPSS.

A “variant” of GP88 refers to a molecule substantially
similar to either the entire peptide or a fragment thereof.
Variant peptides may be prepared by direct chemical syn-
thesis of the variant peptide using methods known 1n the art.

Alternatively, amino acid sequence variants of the peptide
can be prepared by modifying the DNA which encodes the
synthesized protein or peptide. Such variants include, for
example, deletions, insertions, or substitutions of residues
within the amino-acid sequence of GP88. Any combination
of deletion, insertion, and substitution may also be made to
arrive at the final construct, provided the final construct
possesses the desired activity. The mutation that will be
made 1n the DNA encoding the variant peptide must not alter
the reading frame and preferably will not create comple-
mentary regions that could produce secondary mRNA struc-
tures. At the genetic level, these variants are prepared by site
directed mutagenesis (8) of nucleotides in the DNA encod-
ing the peptide molecule thereby producing DNA encoding
the varnant, and thereafter expressing the DNA 1n recombi-
nant cell culture. The variant typically exhibits the same
qualitative biological activity as the nonvariant peptide.

An “analog” of GP88 protein refers to a non-natural
molecule substantially similar to either the entire molecule
or a fragment thereof.

A “chemical dernivative” contains additional chemical
moieties not normally a part of the peptide or protein.
Covalent modifications of the peptide are also included
within the scope of this invention. Such modifications may
be 1ntroduced into the molecule by reacting targeted amino-
acid residues of the peptide with an organic derivatizing
agent that 1s capable of reacting with selected side chains or
terminal amino-acid residues. Most commonly derivatized
residues are cysteinyl, histidyl, lysinyl, arginyl, tyrosyl,
glutaminyl, asparaginyl and amino terminal residues.
Hydroxylation of proline and lysine, phosphorylation of
hydroxyl groups of seryl and threonyl residues, methylation
of the alpha-amino groups of lysine, histidine, and histidine
side chains, acetylation of the N-terminal amine and ami-
dation of the C-terminal carboxylic groups. Such derivatized
moieties may improve the solubility, absorption, biological
half life and the like. The moieties may also eliminate or
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attenuate any undesirable side eflect of the protein and the
like. In addition, derivatization with bifunctional agents is
usetul for cross-linking the peptide to water 1nsoluble sup-
port matrices or to other macromolecular carriers. Com-
monly used cross-linking agents include glutaraldehyde,
N-hydroxysuccinimide esters, homobifunctional 1mi-
doesters,  1,1-bis(-diazoloacetyl)-2-phenylethane,  and
bifunctional maleimides. Dernvatizing agents such as
methyl-3-[9p-azidophenyl)|dithiopropioimidate yield pho-
toactivatable intermediates that are capable of forming
crosslinks 1n the presence of light. Alternatively, reactive
water-insoluble matrices such as cyanogen bromide acti-
vated carbohydrates and the reactive substrates described in
U.S. Pat. Nos. 3,969,287 and 3,691,016 may be employed
for protein immobilization.

Use of the term GP88 antagonist or GP88 “antagonizing
agents” herein means any composition that inhibits or blocks
GP88 expression, production or secretion, or any composi-
tion that inhibits or blocks the biological activity of GPS8S.
This can be achieved by any mode of action such as but not
limited to the following:

(A) GP88 antagonizing agents include any reagent or
molecule mhibiting GP88 expression or production includ-

ing but not limited to: (1) antisense GP88 DNA or RNA
molecules that inhibit GP88 expression by inhibiting GP88
translation; (2) small mhibitory or “siRNA” that inhibit
GP88 expression (3) reagents (hormones, growth factors,
small molecules) that mhibit GP88 mRNA and/or protein
expression at the transcriptional, translational or post-trans-
lational levels; (4) factors, reagents or hormones that inhibit
GP88 secretion.

(B) GP88 antagonizing agents also include any reagent or
molecule that will inhibit GP88 action or biological activity
such as but not limited to: (1) neutralizing antibodies to
(GP88 that bind the protein and prevent 1t from exerting 1ts
biological activity; (2) antibodies to the GP88 receptor that
prevent GP88 from binding to 1ts receptor and from exerting
its biological activity; (3) competitive mhibitors of GP88
binding to 1ts receptors; (4)) small molecule antagonists; and
(5) 1nhibitors of GP88 signaling pathways.

In one embodiment of the invention, the GP88 antago-
nizing agents are antisense oligonucleotides to GP88. The
antisense oligonucleotides preferably inhibit GP88 expres-
sion by inhibiting translation of the GP88 protein. Antisense
oligonucleotides may be formed from DNA or RNA. In
another embodiment, the GP88 antagonizing agents are
small-inhubitory RNA molecules (siRNA or RNA1). siRNA
are double-stranded RNA molecules capable of suppressing
the expression of a target gene.

(P88 antagonizing agents may comprise small molecules
(e.g., reagents, factors or hormones) that inhibit GPSS8
expression. For example, embodiments of the invention
provide small molecules that (1) inhibit GP88 post-transla-
tional modification and 1ts secretion, (2) block GP88 activity
by competing with GP88 for binding to GP88 cell surtace
receptors, (3) inhibit the GP88 signal transduction pathway
(e.g., biochemical interactions induced by GP88 binding to
its receptor on the cell surface), or (4) interfere or inhibit
with the GP88 receptor. Small molecules may be synthe-
s1zed 1n order to bind to or associate with particular active
sites on GP88, GP88 cell surface receptors, or other mol-
ecules. Small molecules can also be derived from natural
sources and modified to bind to and/or inhibit GP8&, GP&8
cell surface receptors, or other molecules.

The antibodies of the invention (neutralizing and others)
are preferably used as a treatment for breast cancer, other
cancers, or other diseases 1n cells which exhibit an increased
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expression of GP88 (e.g., neuroblastoma, glioblastoma,
astrocytoma, sarcomas, and cancers of the prostate, blood,
cerebrospinal tluid, liver, kidney, breast, head and neck,
pharynx, thyroid, pancreas, stomach, colon, colorectal,
uterus, cerviX, bone, bone marrow, testes, brain, neural
tissue, ovary, skin, and lung). By the term “neutralizing™ 1t
shall be understood that the antibody has the ability to inhibit
or block the normal biological activity of GP88, including
GP88’s ability to stimulate cell proliferation or to mduce
tumor growth 1n experimental animals and 1n humans. An
cllective amount of anti-GP88 antibody 1s administered to
an animal, including humans, by various routes. In an
alternative embodiment, the anti-GP88 antibody 1s used as a
diagnostic to detect cells which exlibit an altered (in-
creased) expression of GP88 as occurring 1n diseases such as
but not limited to cancers (e.g., breast cancer), and to
identily diseased cells whose growth 1s dependent on GP88
and which will respond to GP88 antagonizing therapy. In yet
another embodiment, the anti-GP88 antibody 1s used to
deliver compounds such as cytotoxic factors or antisense
oligonucleotides to cells expressing or responsive to GPS8S.
The cytotoxic factors may be attached, linked, or associated
with the anti-GP88 antibody.

The antisense oligonucleotides of the mvention are also
used as a treatment for cancer in cells which exhibit an
increased expression of GP88. An eflective amount of the
antisense oligonucleotide 1s administered to an animal,
including humans, by various routes.

In one embodiment of the invention, GP88 antagonizing,
agents are used to inhibit or prevent the initiation and/or
progression of tumor cells. For example, GP88 antagonizing
agents can be used to prevent the occurrence or re-occur-
rence of breast cancer, other cancers, or other diseases in
cells which exhibit an increased expression of GP88 (e.g.,
neuroblastoma, glioblastoma, astrocytoma, sarcomas, and
cancers of the prostate, blood, cerebrospinal fluid, liver,
kidney, breast, head and neck, pharynx, thyroid, pancreas,
stomach, colon, colorectal, uterus, cervix, bone, bone mar-
row, testes, brain, neural tissue, ovary, skin, and lung). GP88
antagonizing agents can also be used to restore a normal
phenotype to tumor cells overexpressing GP8S.

The mvention also provides compositions and methods
for inducing apoptosis in a tumor cell comprising adminis-
tering a GP88 antagonist to the cell. Any GP88 antagonist
may be used to induce apoptosis (e.g., GP88 antibody or
antibody fragment, GP88 antisense nucleic acid, anti-GP88
siIRNA, anti-GP88 small molecule, or anti-GP88 receptor
antibody). In one embodiment, after administering a GP88
antagonist, the tumor cells undergoing apoptosis are quan-
tified by measuring the level of an apoptotic marker in the
tumor cells. For example, elevated levels of Bcel-2 indicate
suppression of apoptosis. The apoptotic state of tumor cells
can also be determined by measuring cleavage of PARP to
its 85 kDa fragment 1n tumor cells. Apoptosis can be induced
in all tumor cell types, including but not limited to, neuro-
blastoma, glioblastoma, astrocytoma, sarcomas, and cancers
of the prostate, blood, cerebrospinal fluid, liver, kidney,
breast, head and neck, pharynx, thyroid, pancreas, stomach,
colon, colorectal, uterus, cervix, bone, bone marrow, testes,
brain, neural tissue, ovary, skin, and lung.

Methods of inducing apoptosis in a tumor comprising
co-administering a GP88 antagonist and an anti-estrogen
also are provided. In one embodiment, the anti-estrogen 1s
selected from the group consisting of tamoxifen, aromatase
inhibitors (e.g., Arimidex®, Femera®), and estrogen-recep-
tor downregulators (e.g., Faslodex®).
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The present invention provides methods of determining
whether cells are undergoing apoptosis comprising measur-
ing the level of GP88 protein 1n a first biological sample,
measuring the level of GP88 protein 1n a second biological
sample, and determining whether the measured level of
(GP88 protein 1n the second biological sample 1s lower than
the level of GP88 protein 1n the first biological sample by an
amount sutlicient to indicate the cells are undergoing apo-
ptosis. Such biological samples can be derived from fluids
and/or tissues including, but not limited to, prostate, blood,
bladder, cerebrospinal fluid, serum, plasma, urine, mipple
aspirate, thyroid, head and neck, cervix, liver, kidney, breast,
pancreas, stomach, colon, nasopharynx, colorectal, uterus,
bone, bone marrow, testes, brain, neural tissue, ovary, skin,
and lung tissue.

The present invention also provides methods for targeting,
GP88 antagonizing reagents to the diseased site by conju-
gating them to an anti-GP88 antibody or an anti-GP88
receptor antibody.

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, 1llustrate embodi-
ments of the mvention and, together with the description,
serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C show the nucleotide (SEQ ID NO: 1) and
deduced ammo-acid sequence (SEQ ID NO: 2) of mouse
GP88. Peptide regions used as antigens to raise anti-GP88
antibodies K19T and S14R are underlined. The region
cloned 1n the antisense orientation in the pCMV4 mamma-
lian expression vector 1s indicated between brackets.

FIG. 2A shows the nucleotide sequence (SEQ ID NO: 3)
of human GP88 ¢DNA. Indicated between brackets 1s the
region cloned in the antisense orientation nto the pcDNA3
mammalian expression system; and

FIG. 2B shows the deduced amino-acid sequence (SEQ
ID NO: 4) of human GP88. The E19V region used as antigen
to develop anti-human GP88 neutralizing antibody 1s under-
lined. It also indicates the region A14R equivalent to the
mouse S14R region.

FIG. 3 shows the amino-acid sequence (SEQ ID NO: 2)
of mouse GP88 arranged to show the 7 and one-half repeats
defined as granulins g, 1, B, A, C, D and e (right side). The
consensus sequence 1s shown in SEQ ID NO: 17. This
representation shows that the region K191 and S14R used to
raise GP88 antibodies for developing anti-GP88 neutralizing
antibodies 1s found between two epithelin/granulin repeats
in what 1s considered a variant region. Indicated on the right
hand side 1s the granulin classification of the repeats accord-
ing to Bateman et al (6). Granulin B and granulin A are also
defined as epithelin 2 and epithelin 1 respectively according
to Plowman et al., 1992 (5).

FIG. 4 shows a schematic representation of pCMV4 and
a GP88 cDNA clone indicating the restriction sites used to
clone GP88 antisense cDNA 1nto the expression vector.

FIG. 5 shows that GP88 inhibits apoptosis in MCF-7 cells
in response to tamoxifen. PARP (poly (ADP ribose) poly-
merase), an apoptosis marker, 1s cleaved to produce an 85
kDa fragment in the presence of tamoxifen, but not in the
presence ol GP88 or tamoxifen plus GPS8S.

FIG. 6 shows that anti-GP88 antibodies induce apoptosis.
Tamoxifen-resistant MCF-7 cells are unable to downregu-
late Bcl-2. In the present of GP88 antibodies or GP88
antibodies plus tamoxifen, Bcl-2 1s downregulated.

FIG. 7 also shows that anti-GP88 antibodies induce
apoptosis. O4 cells (overexpressing GP88) are unable to
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cleave PARP. In the presence of anti-GP88 antibodies or
ant1-GP88 antibodies plus tamoxiten, PARP 1s cleaved,
indicating induction of apoptosis.

FIG. 8 also shows that anti-GP88 antibodies induce
apoptosis. Tamoxifen-resistant MCF-7 cells are unable to
cleave PARP. In the presence of anti-GP88 antibodies or
ant1-GP88 antibodies plus tamoxifen, PARP 1s cleaved,
indicating induction of apoptosis.

FIG. 9 shows that tamoxifen can induce an increase in
tumor volume 1n GP88 overexpressing cells (04 cells) in
vivo. Thus, treatment with tamoxifen may pose a risk of
promoting tumor growth 1n tumors 1n which GP88 levels are
clevated.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Reference will now be made in detail to the presently
preferred embodiments of the ivention, which, together
with the following examples, serve to explain the principles
of the invention.

Biological Activity of GP88

The mvention relates to GP88 and antitumor and antiviral
compositions useiul for treating and diagnosing diseases
linked to altered (increased) expression of GP88. In addi-
tion, this invention 1s used for treating and diagnosing
diseases linked to increased responsiveness to GP88. In
accordance with preferred embodiments of the invention,
GP88 antagonmizing agents (e.g., antibodies, antisense,
siIRNNA, small molecules) can be used to restore sensitivity
to the antitumorigenic eflects ol antiestrogen therapy and
induce apoptosis.

Ant1-GP88 Antibodies

The invention provides compositions for treating and
diagnosing diseases linked to increased expression of GP88
including treatment and diagnosis of diseases linked to
increased responsiveness to GP88. The compositions of this
invention mclude anti-GP88 antibodies which neutralize the
biological activity of GPSS.

The present invention 1s also directed to an antibody
specific for an epitope of GP88 and the use of such antibody
to detect the presence or measure the quantity or concen-
tration of GP88 molecule, a functional derivative thereof or
a homologue from different animal species 1n a cell, a cell
or tissue extract, culture medium or biological fluid (e.g.,
whole blood, serum, plasma, lymph, and urine). Moreover,
ant1-GP88 antibody can be used to target cytotoxic mol-
ecules to a specific site.

For use as antigen for development of antibodies, the
(P88 protein naturally produced or expressed in recombi-
nant form or functional derivative thereof, preferably having
at least 9 amino-acids, 1s obtained and used to immunize an
amimal for production of polyclonal or monoclonal antibody.
An antibody 1s said to be capable of binding a molecule it
it 1s capable of reacting with the molecule to thereby bind the
molecule to the antibody. The specific reaction 1s meant to
indicate that the antigen will react 1n a highly selective
manner with 1ts corresponding antibody and not with the
multitude of other antibodies which may be evoked by other
antigens.

The term antibody herein includes but 1s not limited to
human and non-human polyclonal antibodies, human and
non-human monoclonal antibodies (mAbs), chimeric anti-
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bodies, anti-idiotypic antibodies (anti-IdAb) and humanized
antibodies. Polyclonal antibodies are heterogeneous popu-
lations of antibody molecules derived either from sera of
ammals immunmized with an antigen or from chicken eggs.
Monoclonal antibodies (“mAbs”™) are substantially homoge-
neous populations of antibodies to specific antigens. mAbs
may be obtained by methods known to those skilled 1n the
art (e.g., U.S. Pat. No. 4,376,110). Such antibodies may be
of any immunological class including I1gG, IgM, IgE, IgA,
IgD and any subclass thereof. The hybridoma producing
human and non-human antibodies to GP88 may be culti-
vated 1n vitro or in vivo. For production of a large amount
of mAbs, 1n vivo 1s the presently preferred method of
production. Brietly, cells from the individual hybridomas are
injected intraperitoneally into pristane primed Balb/c mice
or Nude mice to produce ascites fluid contaiming high
concentrations of the desired mAbs. mAbs may be purified
from such ascites fluids or from culture supernatants using
standard chromatography methods well known to those of
skill 1 the art.

Human monoclonal Ab to human GP88 can be prepared
by immunizing transgenic mice expressing human immu-
noglobulin genes. Hybridoma produced by using lympho-
cytes from these transgenic animals will produce human
immunoglobulin mstead of mouse immunoglobulin.

Since most monoclonal antibodies are derived from
murine source and other non-human sources, their clinical
elliciency may be limited due to the immunogenicity of
rodent mAbs administered to humans, weak recruitment of
cllector function and rapid clearance from serum. To cir-
cumvent these problems, the antigen-binding properties of
murine antibodies can be conferred to human antibodies
through a process called humanization. A humanized anti-
body contains the amino-acid sequences for the 6 comple-
mentarity-determining regions (CDRs) of the parent murine
mAb which are grafted onto a human antibody framework.
The low content of non-human sequences in humanized
antibodies (around 3%) has proven eflective in both reduc-
ing the immunogenicity and prolonging the serum half life
in humans. Methods such as the ones using monovalent
phage display and combinatorial library strategy for human-
ization of monoclonal antibodies are now widely applied to
the humanization of a variety of antibodies and are known
to people skilled 1n the art. These humanized antibodies and
human antibodies developed with transgenic animals as
described above are of great therapeutic use for several
diseases including but not limited to cancer.

Hybridoma supernatants and sera are screened for the
presence ol antibody specific for GP88 by any number of
immunoassays including dot blots and standard immunoas-
says (EIA or ELISA) which are well known 1n the art. Once
a supernatant has been 1dentified as having an antibody of
interest, 1t may be further screened by Western blotting to
identify the size of the antigen to which the antibody binds.
One of ordinary skill 1n the art will know how to prepare and
screen such hybridomas without undue experimentation 1n
order to obtain a desired polyclonal or mAb.

Chimeric antibodies have different portions derived from
different animal species. For example, a chimeric antibody
might have a variable region from a murine mAb and a
human 1immunoglobulin constant region. Chimeric antibod-
1ies and methods for their production are also known to those
skilled 1n the art.

Accordingly, mAbs generated against GP88 may be used
to induce human and non-human anti-IdAbs 1n suitable
amimals. Spleen cells from such immunized mice are used to
produce hybridomas secreting human or non-human anti-Id
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mAbs. Further, the anti-Id mAbs can be coupled to a carrier
such as Keyvhole Limpet Hemocyamin (KLH) or bovine
serum albumin (BSA) and used to immunize additional
mice. Sera Irom these mice will contain human or non-
human anti-anti-IdAb that have the binding properties of the
original mAb specific for a GP88 polypeptide epitope. The
anti-Id mAbs thus have their own 1diotypic epitopes or
idiotypes structurally similar to the epitope being evaluated.

The term antibody 1s also meant to include both intact
molecules as well as fragments thereof such as, for example,
Fab and F(ab')2, which are capable of binding to the antigen.
Fab and F(ab')2 fragments lack the Fc fragment of intact
antibody, clear more rapidly from the circulation and may
have less non-specific tissue binding than an intact antibody.
Such fragments are typically produced by proteolytic cleav-
age, using enzymes such as papain (to generate Fab frag-
ments) and pepsin (to generate F(ab')2 fragments). It will be
appreciated that Fab and F(ab')2 and other fragments of the
antibodies useful 1n the present invention may be used for
the detection or quantitation of GP88, and for treatment of
pathological states related to GP88 expression, according to
the methods disclosed herein for intact antibody molecules.

According to the present invention, antibodies that neu-
tralize GP88 activity 1n vitro can be used to neutralize GP88
activity 1n vivo to treat diseases associated with increased
(GP88 expression or increased responsiveness to GP88. A
subject, preferably a human subject, sullering from a disease
associated with increased GP88 expression 1s treated with an
antibody to GP88. Such treatment may be performed in
conjunction with other anti-cancer or anti-viral therapy. A
typical regimen comprises administration of an effective
amount of the antibody specific for GP88 administered over
a period of one or several weeks and including between
about one and six months. The antibody of the present
invention may be administered by any means that achueves
its intended purpose. For example, administration may be by
various routes including but not limited to subcutaneous,
intravenous, mtradermal, itramuscular, intraperitoneal and
oral. Parenteral administration can be by bolus 1njection or
by gradual perfusion over time. Preparations for parenteral
administration include sterile aqueous or non-aqueous solu-
tions, suspensions and emulsions, which may contain aux-
1liary agents or excipients known 1n the art. Pharmaceutical
compositions such as tablets and capsules can also be
prepared according to routine methods. GP88 antagonists
can be formulated 1n any suitable pharmaceutically accept-
able carrier (e.g., tablets, pills, injections, infusions, inhala-
tions, transdermal patches, and suppositories). It 1s under-
stood that the dosage will be dependent upon the age, sex
and weight of the recipient, kind of concurrent treatment, 1
any, frequency of treatment and the nature of the eflect
desired. The ranges of eflective doses provided below are
not intended to limit the invention and merely represent
preferred dose ranges. However, the most preferred dosage
will be tailored to the individual subject as 1s understood and
determinable by one skilled in the art. The total dose
required for each treatment may be administered by multiple

doses or 1n a single dose. Effective amounts of antibody are

from about 0.01 ug to about 100 mg/kg body weight and
preferably from about 10 pg to about 50 mg/kg. Antibody
may be admimstered alone or in conjunction with other
therapeutics directed to the same disease.

According to the present mvention and concerning the
neutralizing antibody, GP88 neutralizing antibodies can be
used 1n all therapeutic cases where 1t 1s necessary to inhibit
GP88 biological activity, even though there may not neces-
sarilly be a change i GP88 expression, including cases
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where there 1s an overexpression ol GP88 cell surface
receptors and this 1n turn results in an increased biological
activity, or where there 1s an alteration in GP88 signaling
pathways or receptors leading to the fact that the signaling
pathways are always “turned on.” Neutralizing antibodies to
growth factor and to growth factor receptors have been
successiully used to inhibit the growth of cells whose
proliferation 1s dependent on this growth factor. This has
been the case for IGF-I receptor in human breast carcinoma
cells and bombesin for lung cancer. The antibody to GP88
can also be used to deliver compounds such as, but not
limited to, cytotoxic reagents such as toxins, oncotoxins,
mitotoxins and immunotoxins, or antisense oligonucle-
otides, 1n order to specifically target them to cells expressing
or responsive to GP8S.

One region that allows antigen to develop a neutralizing
antibody to GP88 i1s the 19 amino-acid region defined as
K19T 1n the mouse GP&8, and E19V 1n the human GP&8
which 1s not located within the epithelin/granulin 6 kDa
repeats but between these repeats, specifically between
granulin A (epithelin 1) and granulin C in what 1s considered
a variant region (see FIG. 3). Without wishing to be bound
by theory, 1t 1s believed that the region important for the
biological activity of GP88 lies outside of the epithelin
repeats.

The antibodies or fragments of antibodies useful in the
present 1mvention may also be used to quantitatively or
qualitatively detect the presence of cells which express the
GP88 protein. This can be accomplished by immunofluo-
rescence techmques employing a fluorescently labeled anti-
body (see below) with fluorescent microscopic, tlow cyto-
metric, or fluorometric detection. The reaction of antibodies
and polypeptides of the present invention may be detected
by immunoassay methods well known 1n the art.

The antibodies of the present invention may be employed
histologically as 1n light microscopy, immunotluorescence
or immunoelectron microscopy, for 1n situ detection of the
GP88 protein 1n tissues samples, biopsies, and biological
fluids. In situ detection may be accomplished by removing
a histological specimen from a patient and applying the
appropriately labeled antibody of the present invention. The
antibody (or fragment) 1s preferably provided by applying or
overlaying the labeled antibody (or fragment) to the bio-
logical sample. Through the use of such a procedure, 1t 1s
possible to determine not only the presence of the GP88
protein but also its distribution 1n the examined tissue or
concentration in a biological fluid. Using the present inven-
tion, those of ordinary skill in the art will readily perceive
that any wide variety of histological methods (such as
staining procedures) can be modified 1 order to achieve
such 1n situ detection.

Assays for GP88 typically comprise incubating a biologi-
cal sample such as a biological fluid, a tissue extract, freshly
harvested or cultured cells or their culture medium in the
presence ol a detectably labeled antibody capable of iden-
tifying the GP88 protein and detecting the antibody by any
of a number of techniques well known 1n the art.

The biological sample may be treated with a solid phase
support or carrier such as nitrocellulose or other solid
support capable of immobilizing cells or cell particles or
soluble proteins. The support may then be washed followed
by treatment with the detectably labeled anti-GP88 antibody.
This 1s followed by wash of the support to remove unbound
antibody. The amount of bound label on said support may
then be detected by conventional means. The term solid
phase support refers to any support capable of binding
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antigen or antibodies such as but not limited to glass,
polystyrene polypropylene, nylon, modified cellulose, or
polyacrylamide.

The binding activity of a given lot of antibody to the GP88
protein may be determined according to well known meth-
ods. Those skilled in the art will be able to determine
operative and optimal assay conditions for each determina-
tion by employing routine experimentation.

Detection of the GP88 protein or functional dernivative
thereol and of a specific antibody for the protein may be
accomplished by a variety of immunoassays well known 1n
the art such as enzyme linked immunoassays (EIA) or
radioimmunoassays (RIA). Such assays are well known 1n
the art and one of skill will readily know how to carry out
such assays using the anti-GP88 antibodies and GP88 pro-
tein of the present invention.

Such 1mmunoassays are useful to detect and quantitate
(P88 protein in serum or other biological fluid as well as 1n
tissues, cells, cell extracts, or biopsies. In a preferred
embodiment, the concentration of GP88 1s measured 1n a
tissue specimen as a means for diagnosing cancer or other
disease associated with increased expression of GPS8S8. In
another preferred embodiment, the concentration of GP88 1n
a biological flmd sample 1s used to determine 11 a patient 1s
likely to be responsive, or 1s responding to, anti-tumorigenic
therapy.

The presence of certain types of cancers (e.g., breast
cancer) and the degree of malignancy are said to be “pro-
portional” to an increase in the level of the GP88 protein.
The term “proportional” as used herein 1s not intended to be
limited to a linear or constant relationship between the level
of protein and the malignant properties of the cancer. The
term “proportional” as used herein, 1s mtended to indicate
that an 1ncreased level of GP88 protein 1s related to appear-
ance, recurrence or display of malignant properties of a
cancer or other disease associated with increased expression
of GP88 at ranges of concentration of the protein that can be
readily determined by one skilled 1n the art.

Another embodiment of the mnvention relates to evaluat-
ing the eflicacy of anti-cancer or anti-viral drug or agent by
measuring the ability of the drug or agent to inhibit the
expression or production of GP88. The antibodies of the
present invention are useful in a method for evaluating
anti-cancer or anti-viral drugs 1n that they can be employed
to determine the amount of the GP88 protein 1n one of the
above-mentioned immunoassays. Alternatively, the amount
of the GP88 protein produced 1s measured by bioassay (cell
proliferation assay) as described herein. The bioassay and
immunoassay can be used in combination for a more precise
assessment.

An additional embodiment 1s directed to an assay for
diagnosing cancers or other diseases associated with an
increase 1 GP88 expression based on measuring in a tissue
or biological fluid the amount of mRNA sequences present
that encode GP88 or a functional derivative thereol, prei-
erably using an RNA-DNA hybridization assay. The pres-
ence ol certain cancers and the degree of malignancy 1is
proportional to the amount of such mRNA present. For such
assays the source of mRNA will be biopsies and surrounding
tissues. The preferred technique for measuring the amount of
mRNA 1s a hybridization assay using DNA of complemen-
tarity base sequence.

Another related embodiment 1s directed to an assay for
diagnosing cancers or other diseases associated with an
increase 1 GP88 responsiveness based on measuring on a
tissue biopsy whether treatment with anti-GP88 neutralizing,
antibody will inhibit 1ts growth or other biological activity.
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Another related embodiment 1s a method for measuring
the eflicacy of anti-cancer or anti-viral drug or agent which
comprises the steps ol measuring the agent’s eflect on
inhibiting the expression of mRNA for GP88. Similarly such
method can be used to 1dentily or evaluate the eflicacy of
(GP88 antagonizing agents by measuring the ability of said

agent to inhibit the production of GP88 mRNA.

Nucleic acid detection assays, especially hybridization
assays, can be based on any characteristic of the nucleic acid
molecule such as its size, sequence, or susceptibility to
digestion by restriction endonucleases. The sensitivity of
such assays can be increased by altering the manner 1n which
detection 1s reported or signaled to the observer. A wide
variety of labels have been extensively developed and used
by those of ordinary skill in the art, including enzymatic,
radioisotopic, fluorescent, chemical labels and modified
bases.

One method for overcoming the sensitivity limitation of a
nucleic acid for detection i1s to selectively amplity the
nucleic acid prior to performing the assay. This method has
been referred as the “polymerase chain reaction” or PCR
(U.S. Pat. No. 4,683,202 and 4,582,788). The PCR reaction
provides a method for selectively increasing the concentra-
tion of a particular nucleic acid sequence even when that
sequence has not been previously purified and 1s present
only 1n a single copy in a particular sample.

Restoration of Sensitivity To Antiestrogen Therapy
And Cytotoxic Therapy

Tumors progress through various stages of growth and
maturation leading to increased mobility of the tumor
through the body. Therefore, tumor cells can be targeted at
several stages during the progression of tumor growth and
maturation. For example, GP88 antagonists inhibit tumor
cell growth and proliferation. For example, GP88 induces
expression of cyclin D1, a cell cycle regulatory protein

involved 1n the growth and proliferation of tumor cells. As
shown 1n FIG. 11, anti-GP88 antibodies mhibit cyclin D1

expression. Lanes 1 and 2 of FIG. 11 show that anti-GP88
antibody 5B4 inhibits the expression of cyclin D1. Lanes 3
and 4 show that GP88 stimulates cyclin D1 expression.
Lanes 5 and 6 demonstrate that anti-GP88 antibody 35B4
blocks induction of cyclin D1 by GPS8S8.

A preferred embodiment of the invention provides a
method for restoring sensitivity of tumor cells to antiestro-
gen therapy, comprising contacting a tumor cell that is
nonsensitive to antitumorigenic eflects of antiestrogen
therapy with a GP88 antagonist in an amount suflicient to
restore sensitivity to the antitumorigenic effects of anties-
trogen therapy. In one embodiment, the term “restoring
sensitivity” refers to increasing the responsiveness ol a
treated tumor cell to the antitumorigenic effects of anties-
trogen therapy. For example, a tumor cell that does not
respond to antiestrogen therapy (i.e., continues to grown 1n
an uncontrolled manner), responds to antiestrogen therapy
(1.e., 1s growth inlibited, undergoes apoptosis, etc.) alter
being contacted with a GP88 antagonist.

The GP88 antagonists or GP88 antagonizing agents
include, but are not limited to, anti-GP88 antibodies or
antibody fragments, anti-GP88 receptor antibodies, anti-
GP&8 small molecules, anti-GP88 antisense nucleic acids,
and siRNA. GP88 antagonists can prevent tumor formation
and growth of any tumor or cancer type, including but not
limited to, prostate, head and neck, nasopharynx, thyroid,
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pancreas, bladder, cervix, colorectal, blood, liver, kidney,
breast, bone, bone marrow, testes, ovaries, brain, neural,
colon, and lung tumors.

In one embodiment, sensitivity of tumor cells to eflects of
antiestrogen therapy can be increased by inducing apoptosis.
Apoptosis can be induced by contacting an anti-estrogen and
GP88 antagonist with a tumor cell. Anti-estrogen therapy
relates to administration of anti-estrogens for the purpose of
preventing or treating tumor growth. As discussed above,
anti-estrogens such as tamoxifen inhibit tumor growth, 1n
part, by inducing apoptosis. However, as shown in FIG. 9,
tamoxifen alone may actually stimulate tumor growth in
vivo 1n cells overexpressing GP88. Thus, treatment of
patients having high levels of GP88 with anti-estrogens
alone may be counterproductive.

Treatment of tumors overexpressing GP88 with both
anti-estrogens and anti-GP88 antibodies can induce apop-
tosis and eliminate the potential growth stimulating proper-
ties of anti-estrogen treatment on GP88 overexpressing
cells. Examples of anti-estrogens include tamoxifen citrate
(“tamoxifen”), a nonsteroidal anti-estrogen commonly pre-
scribed to patients suflering from breast cancer that has
demonstrated potent anti-estrogenic and antineoplastic prop-
erties. (See U.S. Pat. No. 4,536,516), raloxifene, aromatase
inhibitors (e.g., Arimidex® (anastrozole), Femera®, letro-

zole), and estrogen receptor down-regulators (e.g., Faslo-
dex®).

Tamoxiten-induced apoptosis 1s blocked mn tumor cells
overexpressing GP88. FIG. 5 1s a western blot measuring the
level of the PARP cleavage product (85 kDa band) in MCF-7
breast carcinoma cells treated with tamoxifen, tamoxifen+
GPR&8, tamoxifen+estradiol, GP8Y, and a control. As shown
in FIG. §, tamoxifen treatment induced apoptosis of MCF-7
cells. The 85 kDa PARP cleavage product was significantly
increased 1n the “Tamoxifen” labeled lane, indicating apo-
ptosis. Tamoxifen-induced apoptosis was blocked by treat-
ment with estradiol, a compound known to block tamoxifen-
induced apoptosis, as shown by the decrease in the 85 kDa
band 1n the lane labeled “Tamoxifen+estradiol.” Tamoxifen-
induced apoptosis was blocked by treatment with GP88 to
the same extent as treatment by estradiol. The lane labeled
“Tamoxiten+GP88” shows a significant decrease in the
PARP cleavage product compared to the “Tamoxifen™ lane.
FIG. 5 shows that GP88 blocks tamoxifen-induced apoptosis
in tumor cells.

Additional embodiments of the invention are directed to
compositions and methods of inducing apoptosis. Apoptosis,
also known as programmed cell death, 1s an essential com-
ponent of the growth regulatory mechanism of a cell. For
example, apoptosis 1s a mechamism for ridding the body of
damaged cells (e.g., viral infected cells, cells with DNA
damage). Cells undergoing apoptosis are typically smaller
than normal cells and have highly condensed nucle1. Apo-
ptotic cells are marked for clearance by the immune system.

Deficient regulation of apoptosis can cause uncontrolled
cell growth and tumorigenicity. Oncogenes can be activated
by DNA damage. Under normal apoptotic conditions, the
body would clear the damaged cell. Under abnormal con-
ditions, apoptosis does not occur and the damaged cell
grows and proliferates leading to tumorigenesis. For
example, p53 normally functions to induce apoptosis. How-
ever, the oncogenic form of p53 blocks imnduction of apop-
tosis leading to uncontrolled cell growth. Unregulated cell
survival contributes to diseases such as cancer, autoimmune
diseases, and inflammatory diseases. As discussed above,
the Bcl-2 gene encodes a protein capable of blocking
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apoptosis. Overexpression of Bcl-2 indicates that apoptosis
1s blocked and the cell will not undergo programmed cell
death.

The present invention provides methods and composi-
tions for restoring sensitivity to the antitumorigenic eflects
of cytotoxic or chemotherapeutic agents. For example, GP8S8
antagonists (e.g., anti-GP88 antibodies, GP88 antisense
nucleic acids, siRNA, and small molecules, etc.) can be
administered to patients who develop resistance to the
antitumorigenic etlects of cytoxic agents (e.g., Altretamine,
Bleomycin, Busulphan, Calcium Folinate, Capecitabine,
Carboplatin, Carmustine, Chlorambucil, Cisplatin, Cladrib-
ine, Crisantaspase, Cyclophosphamide, Cytarabine, Dacar-
bazine, Dactinomycin, Daunorubicin, Docetaxel, Doxorubi-
cin, Epirubicin, Etoposide, Fludarabine, Fluorouracil,
Gemcitabine, Hydroxyurea, Idarubicin, Ifosfamide, Irinote-
can, Liposomal doxorubicin, Lomustine, Melphalan, Mer-
captopurine, Methotrexate, Mitomycin, Mitoxantrone,
Oxaliplatin, Paclitaxel, Pentostatin, Procarbazine, Raltitr-
exed, Streptozocin, ‘Tegafur-uracil, Temozolomide,
Thiotepa, Tioguanine/Thioguanine, Topotecan, Treosulian,
Vinblastine, Vincristine, Vindesine, and Vinorelbine). Sen-
sitivity and responsiveness to cytotoxic and/or chemothera-
peutic agents and combinations thereof can be restored.

In another embodiment of the ivention, GP88 antago-
nists can be co-administered with an antiestrogen and/or a
cytotoxic compound to a tumor cell. For example, an
ant1-GP88 antibody can be co-administered to a tumor cell
with tamoxifen to restore sensitivity to the antitumorigenic
cllects of tamoxifen or to prevent development of tamoxifen
resistance. In another embodiment, the GP88 antagonist can
be administered sequentially with an antiestrogen and/or a
cytotoxic compound. Thus, GP88 antagonist can be admin-
istered either before or after administration of the antiestro-
gen or cytotoxic compound.

The present invention also provides methods of inducing,
apoptosis comprising administering a GP88 antagonist to a
tumor cell. Apoptosis can be induced 1n all tumor cell types
including, but not limited to, neuroblastoma, glioblastoma,
astrocytoma, sarcomas, and cancers of the prostate, blood.,
cerebrospinal fluid, liver, kidney, breast, head and neck,
pharynx, thyroid, pancreas, stomach, colon, colorectal,
uterus, cervix, bone, bone marrow, testes, brain, neural
tissue, ovary, skin, and lung. Apoptosis can be detected in
tumor cells by a variety of techniques including, but not
limited to for example, detection of Bcel-2 levels or detection
of the PARP cleavage product, DNA ladder, and production
of apoptotic cells. PARP or poly(ADP-ribose) polymerase 1s
a nuclear binding protein that detects DN A strand breaks and
participates in DNA repair. Cleavage of PARP i1s a hallmark
of caspases-dependent apoptosis. When apoptosis takes
place, the 116 kDa itact PARP 1s cleaved 1n two fragments,
85 kDa and 25 kDa. Detection of intact and cleaved forms
of PARP by Western Blot analysis with anti-PARP antibody
has been established as an apoptosis assay. Duriez et al.,
Biochem Cell Biol. 75: 337-49, 1997.

Apoptosis 1s controlled by the ratio of apoptotic to anti-
apoptotic factors, particularly Bcl-2, bcl-xl and bax. Previ-
ous reports have suggested that Bel-2 expression was down-
regulated by tamoxifen treatment leading to activation of
apoptosis in MCF-7 cells and 1n tissues from patients treated
with tamoxifen. Zhang et al., Clin. Cancer Res. 5: 2971-7,
1999; Cameron et al., Eur. J. Cancer 36: 8453-51, 2000.
Alteration of Bcl-2 expression levels changes the bax:Bcl-2
ratio and alters susceptibility to apoptosis. O4 cells are
MCEF-7 cells transformed with a GP88 expression construct
to overexpress GP88. Serrero et al., Proc. Natl. Acad. Sci.
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U.S.A. 97: 3993-8, 2000. As shown 1n FIG. 6, tamoxifen
induced down-regulation of Bcl-2 transcript in MCF-7 cells
at all concentrations tested indicating that tamoxifen induces
apoptosis. In contrast, tamoxifen failed to down regulate
Bcl-2 1n O4 cells even at elevated doses.

Tamoxifen-resistant MCF-7 cells are unable to down-
regulate Bcl-2 as shown 1n FIG. 6. However, the addition of
anti-GP88 antibodies to tamoxifen-resistant MCF-7 cells
restores apoptosis as indicated by the down-regulation of
Bcl-2. (FI1G. 6). Thus, GP88 antagonists restore the ability of
tamoxifen to induce apoptosis 1n tamoxiten-resistant cells.

Ant1-GP88 antibodies also induce apoptosis in O4 cells
(GP88-overexpressing, tamoxifen-resistant MCF-7 cells).
As shown 1 FIG. 7, the PARP cleavage product 1s increased
in O4 cells treated with 5B4 antibody (5B4) or 3B4 plus
tamoxifen (5B4+7T) indicating that treatment of the cells
with anti-GP88 antibody induced apoptosis.

Treatment of tamoxifen resistant MCF-7 cells with anti-
GP88 antibodies also induces apoptosis. As shown 1n FIG.
8, addition of anti-GP88 antibody 5B4 alone or in combi-
nation with tamoxifen results 1n cleavage of PARP while
treatment with tamoxifen alone does not cleave PARP.

FIG. 9 shows the effect of tamoxifen on the growth of
MCF-7 cells and O4 cells in ovariectomized nude mice.
Athymic ovariectomized female nude mice were implanted
with an estradiol pellet one day betfore being injected (S.C)
with either MCF-7 cells or O4 cells. After 10 days when the
tumors were visible, the mice recerved either a placebo
pellet or tamoxifen pellet. Tumor growth was monitored for
45 days. At the end of the experiments, mice were eutha-
nized and the tumors were excised and evaluated. As shown
in FI1G. 9, tumor volume 1n mice with tumors induced by O4
cells (GP88 overexpressing cells) and treated with tamox-
ifen increased from 50 mm" to about 225 mm° after 45 days.
In contrast, tumor volume 1n mice with tumor induced by O4
cells and untreated with tamoxifen increased from 75 mm’
to 150 mm” in 45 days. Tamoxifen treatment of tumors
overexpressing GP88 increased tumor volume more than 4
times while tumor volume of untreated GP88 overexpress-
ing tumors increased by 2 times.

Thus, GP88 antagomzing agents (e.g., ant1i-GP88 antibod-
1es, GP8&B antisense nucleic acids, siRNA, anti-GP88 small
molecules, etc.) can be administered to tumor cells and
restore the antitumorigenic eflects of antiestrogen therapy,
for example, by inducing apoptosis.

GP88 antibodies suitable for restoring sensitivity to anti-
estrogen therapy and cytotoxic therapy, and in other pre-
terred compositions methods of the imnvention (e.g., inducing
apoptosis, etc.) have been deposited with the American Type

Culture Collection (ATCC), 10801 University Blvd., Manas-
sas, va. 20110-2209, and may be produced from hybridoma
cell lines, including, but not limited to, 6B3 hybridoma cell
line (ATCC Accession Number PTA-5262), 6B2 hybridoma
cell line (ATCC Accession Number PTA-5261), 6C12 hybri-
doma cell line (ATCC Accession Number PTA-5597), SB4
hybridoma cell line (ATCC Accession Number PTA-5260),
5G6 hybridoma cell line (ATCC Accession Number PTA-
5595), 4D1 hybridoma cell line (ATCC Accession Number
PTA-5593), 3F8 hybridoma cell line (ATCC Accession
Number PTA-35591), 3F3 hybridoma cell line (ATCC Acces-
sion Number PTA-5259), 3F4 hybridoma cell line (ATCC
Accession Number PTA-5390), 3G2 (ATCC Accession
Number PTA-5592), and 2A5 hybridoma cell line (ATCC
Accession Number PTA-53589).

In another embodiment of the invention, anti-GP88 recep-
tor antibodies, including antibodies produced from hybri-
doma cell lines including, but not limited to, 6G8 hybridoma
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cell line (ATCC Accession Number PTA-5263) and 5AS8
hybridoma cell line (ATCC Accession Number PTA-5594)
can be used to restore sensitivity to the antitumorigenic
cllects of antiestrogen therapy and cytotoxic therapy and
induce apoptosis in tumor cells.

Each of these hybridoma cell lines have been deposited
with the American Type Culture Collection (ATCC), 10801

University Blvd., Manassas, Va. 20110-2209. 3F5 hybri-
doma cell line (ATCC Accession Number PTA-5259), 6B3
hybridoma cell line (ATCC Accession Number PTA-5262),
6B2 hybridoma cell line (ATCC Accession Number PTA-
5261), 6G8 hybridoma cell line (ATCC Accession Number
PTA-5263) and 5B4 hybridoma cell line (ATCC Accession
Number PTA-5260) were deposited on Jun. 12, 2003; 5A8
hybridoma cell line (ATCC Accession Number PTA-5594),
5G6 hybridoma cell line (ATCC Accession Number PTA-
5595), 4D1 hybridoma cell line (ATCC Accession Number
PTA-5593), 3F8 hybridoma cell line (ATCC Accession
Number PTA-3591), 3F4 hybridoma cell line (ATCC Acces-
sion Number PTA-5590), 3G2 (ATCC Accession Number
PTA-5592), 6C12 hybridoma cell line (ATCC Accession
Number PTA-5597), and 2AS5 hybridoma cell line (ATCC
Accession Number PTA-5589) were deposited on Oct. 17,
2003.

Anti-GP88 antibodies and anti-GP88 receptor antibodies
(collectively “GP88 antagonist antibodies™) can be provided
to cells both 1n vitro and 1n vivo. For 1n vitro applications,
GP88 antagonist antibodies can be added to cell culture
medium at concentrations typically ranging from 0.01 ng to
about 100 mg/ml of cell culture media and preferably from
about 10 ng to about 50 mg/ml. Antibody may be adminis-
tered alone or 1n conjunction with other therapeutics directed
to the same disease. Cells can also be transtected with DNA
or RNA encoding GP88 antagonist antibodies or antibody
fragments or vectors containing such DNA or RNA
sequences. Transiected cells can be induced to make GP8S8
antagonist antibodies or antibody fragments using any suit-
able technique (e.g., inducible promoter, and multiple plas-
mid copies).

GP88 antagonist antibody compositions can also be
administered to cells using ex vivo techniques. Tumorigenic
or normal cells can be removed from a subject (e.g., human
or other mammal) and grown 1n culture. The cells can then
be transfected with DNA or RNA encoding GP88 antagonist
antibodies and induced to produce GP88 antagonist anti-
bodies. The transiected cells can then be re-introduced 1nto
the subject to produce GP88 antagonist antibodies or anti-
body fragments and inhibit the activity of GP88, reduce
tumor cell proliferation, and reduce tumor volume.

For in vivo applications, GP88 antagonist antibody com-
positions can be provided to a subject by a variety of
administration routes and dosage forms. A subject sullering
from disease associated with increased GP88 expression
may be treated with a GP88 antagonist antibody or fragment.
Alternatively, a subject’s cells are transfected with a poly-
nucleotide encoding a GP88 antagonist antibody or frag-
ment. A typical regimen comprises administering of an
cllective amount of the GP88 antagonist antibody over a
period of one week to about six months.

The GP88 antagonists of the present invention may be
administered by various routes, including, but not limited to,
subcutaneous, 1ntravenous, intradermal, 1ntramuscular,
intraperitoneal and oral. Parenteral administration can be by
bolus 1njection or by gradual perfusion over time. Prepara-
tions for parenteral administration include sterile aqueous or
non-aqueous solutions, suspensions and emulsions, which
may contain auxiliary agents or excipients known in the art.
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Pharmaceutical compositions such as tablets and capsules
can also be prepared. Pharmaceutically acceptable carriers
(e.g., tablets, pills, 1njections, infusions, mmhalations, trans-
dermal patches, and suppositories) can be used to administer
(G P88 antagonists to a patient. The pharmaceutical compo-
sitions of the mvention comprise GP88 antagonists and can
include antiestrogens and/or cytotoxic compounds.

It 1s understood that the dosage will be dependent upon
the age, sex and weight of the recipient, kind of concurrent
treatment, if any, ifrequency of treatment and the nature of
the eflect desired. The ranges of eflective doses provided
below are not intended to limit the mnvention and merely
represent illustrative dose ranges. However, the most pre-
terred dosage will be tailored to the imndividual subject as 1s
understood and determinable by one of ordinary skill in the
art given the teachings herein. The total dose required for
cach treatment may be administered by multiple doses or 1n
a single dose. Eflective amounts of antibody are typically
from about 0.01 ug to about 100 mg/kg body weight and
preferably from about 10 pg to about 50 mg/kg. Antibody
may be admimistered alone or in conjunction with other
therapeutics directed to the same disease.

The present invention also provides methods for deter-
mimng responsiveness to GP88 antagonist treatment com-
prising measuring the level of GP88 protein i a first
biological sample; measuring the level of GP88 protein 1n a
second biological sample; and determining whether the
measured level of GP88 protein in the second biological
sample 1s lower than the level of GP88 protein 1n the first
biological sample by an amount suflicient to indicate the
cells are responding to GP88 antagonist treatment. The term
“responding to GP88 antagonist treatment” refers to pre-
venting, suppressing, and/or decreasing cell growth or tumor

cell growth.

The level of GP88 1n a first or in1tial biological sample can
be measured and compared to the level of GP88 1n a second
tumor biological sample taken at a different time. For
example, biological samples or biopsies can be taken at
regular intervals and the measured concentration of GP88 in
subsequent samples can be compared to the GP88 level 1n
the 1nitial sample. A decrease in the level of GP88 1n the
tumor samples over time 1s indicative that the cells respond-
ing to GP88 antagonist treatment.

GP88 Expression Inhibitors

This mvention also provides GP88 expression inhibitors
(c.g., antisense components, and siRNA). The term anti-
sense component corresponds to an RNA sequence as well
as a DNA sequence coding therefor, which 1s sufliciently
complementary to a particular mRNA molecule, for which
the antisense RNA 1s specific, to cause molecular hybrid-
1zation between the antisense RNA and the mRNA such that
translation of the mRNA 1s inhibited. Such hybridization can
occur under 1n vivo conditions. The action of the antisense
RINA results 1n specific inhibition of gene expression in the
cells. For example, antisense components can block trans-
lation of an mRINA and/or block or prevent splicing of
mRINA. Antisense molecules can also be directed to bind to
introns which are less conserved between species resulting
in greater specificity (e.g., mnhibiting expression of a gene
product of one species but not its homologue in another
species).

siIRNA are double-stranded (ds) RNA molecules that
inhibit gene expression by forming a complex with a target
nucleic acid. One strand, called the sense strand 1s comple-
mentary to the target nucleic acid (e.g., messenger RNA
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(“mRNA”)) while the second strand 1s complementary to the
sense strand. Fire et al., Nature, 391(6669):806-811 (1998).
siIRNNA or RNA1 can be used to inhibit gene expression 1n a

variety ol species (e.g., C. elegans Id. and Drosophila
(Kennerdell and Carthew, Cell (1998) 95:1017-1026; Mis-

quitta and Patterson, PNAS (1999) 96:1451-1456)). In one
embodiment, dsRNA used as siRNA can be generated by
transcription in vivo. Alternatively, dsRINA can be generated
in vitro using the polymerase chain reaction (PCR) or other
techniques (e.g., Promega Large Scale RNA Production
System (Madison, Wis.)) according to standard and other
protocols. In another embodiment, complementary sense
and antisense RNA strands can be derived from the sequence
of the target gene (e.g., GP88) and can be synthesized. The
resulting sense and antisense RNAs can be annealed 1n a
bufler and administered to an amimal or used 1n cell culture
experiments. See e.g., Timmons and Fire, Nature (1998)
395:854; Montgomery et al., PNAS (1998) 95:153502-
15507; Tabara et al., Science (1998) 282:430-431.

The double-stranded siRNA forms a complex with and
cleaves the target mRINA, resulting in destruction of the
target RNA. Id. The double-stranded siRNA is incorporated
into a complex called RNA-induced silencing complex or
RISC. Kim et al., J. Korean Med Sci 18:309-18 (2003). RNA
helicase catalyzes the destruction of one of the strands of the
siIRNA activating the RISC complex resulting in the target-
ing and destruction of the target RNA molecule. Id. siRNA
have high specificity for their target genes and can inhibit
gene expression by 90% 1in most genes. Id.

Preferably, siRNA directed to GP88 interfere with the
function of GP88 mRNA. These may be directed against any
portion of the GP88, preferably of at least about 20 nucle-
otides 1n length. siRNA directed against GP88, 1n accor-
dance with the imnvention, are capable of inhibiting tumor cell
growth, preventing tumor cell growth, inducing tumor
regression, and inducing apoptosis.

siIRNA directed against GP88 can be targeted against any
suitable sequence. siRNA can be made to target any portion
of the GP88 nucleotide sequence. After binding to a portion
of the GP88 nucleotide sequence, the GP88 nucleic acid 1s
marked for destruction. In one embodiment, the siRNA 1s
generated from a single stranded oligonucleotide having the

following sequence: 5' AGGTTGATGCCCACTGCTCTG 3!
(SEQ ID NO: 5) (siRNA Sequence 1). siRNA Sequence 1
targets the human GP88 nucleotide region beginning at
nucleotide position 203 (FIG. 2A). siRNA targeting the
human GP88 sequence beginning at position 223 of GP88
has the following sequence: GAGCAGUGGGCAUCAAC-
CUGG (SEQ ID NO: 6) (siRNA Sequence 2). siRNA
Sequence 3 (3' AGATCAGGTAACAACTCCGTG 3" (SEQ
ID NO: 7) targets the human GP88 sequence beginning at
nucleotide 342. siRNA Sequence 4 (3' GGACACTTCTGC-
CATGATAAC 3" (SEQ ID NO: 8) targets the human GP88
sequence beginning at nucleotide 1569.

In one embodiment, the siRNA sequences can be made
into double stranded siRNA sequences according to methods
well known 1n the art. It 1s understood that siRNA can be
generated to target any suitable region of the GP88 nucle-
otide sequence from a variety of species (human, mouse,
porcine, canine, etc.). Nucleotide substitutions, deletions,
reversions, and mutations can be introduced into the siRNA
sequences without altering the function of the siRNA to
target the GP88 nucleic acid (e.g., mRNA) for destruction.

Transfection of tumor cells with DNA antisense or siRNA
to the GP88 c¢DNA 1nhibits endogenous GP88 expression
and inhibits tumorigenicity of the transiected cells. This
antisense DNA should have suflicient complementarity,
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about 18-30 nucleotides 1 length, to the GP88 gene so that
the antisense RNA can hybridize to the GP88 gene (or
mRNA) and inhibit GP88 gene expression regardless of
whether the action 1s at the level of splicing, transcription, or
translation. The degree of inhibition 1s readily discernible to
one skilled in the art without undue experimentation given
the teachings herein and preferably 1s suflicient to inhibit the
growth of cells whose proliferation 1s dependent on the
expression of GP88. One of ordinary skill 1n the art will
recognize that the antisense RNA approach 1s but a number
of mechanisms which can be employed to block specific
gene expression.

The antisense components of the present mvention may
be hybridizable to any of several portions of the target GP88
cDNA, including the coding sequence, 3' or 5' untranslated
regions, or other mtronic sequences, or to GP88 mRNA. As
1s readily discernible by one of ordinary skill in the art, the
mimmal amount of homology required by the present inven-
tion 1s that sutlicient to result in hybridization to the GP88
DNA or mRNA and in inhibition of transcription of the
DNA, or translation or function of the mRNA, preferably
without aflecting the function of other mRNA molecules and
the expression of other unrelated genes.

Antisense RNA may be delivered to a cell by transior-
mation or transfection via a vector, including retroviral
vectors and plasmids, mto which has been placed DNA
encoding the antisense RNA with the appropriate regulatory
sequences including a promoter to result 1n expression of the
antisense RNA 1n a host cell. Stable transfection of various
antisense expression vectors containing GP88 cDNA frag-
ments in the antisense orientation have been performed. One
can also deliver antisense components to cells using a
retroviral vector. Delivery can also be achieved by, for
example, liposomes or nucleofection.

For purposes of in vivo therapy, the currently preferred
method 1s to use antisense oligonucleotides, instead of
performing stable transfection of an antisense cDNA frag-
ment constructed to an expression vector. Antisense oli-
gonucleotides having a size of 15-30 bases 1 length and
with sequences hybridizable to any of several portions of the
target GP88 ¢cDNA, including the coding sequence, 3' or 5'
untranslated regions, or other intronic sequences, or to GP88
mRNA are preferred. Sequences for the antisense oligo-
nucleotides to GP88 are preferably selected as being the
ones that have the most potent antisense eflfects. Factors that
govern a target site for the antisense oligonucleotide
sequence are related to the length of the oligonucleotide,
binding athnity, and accessibility of the target sequence.
Sequences may be screened in vitro for potency of their
antisense activity by measuring ihibition of GP88 protein
translation and GP88 related phenotype, e.g., inhibition of
cell proliferation 1n cells 1n culture. In general, 1t 1s known
that most regions of the RNA (5" and 3' untranslated regions,
AUG mitiation, coding, splice junctions and introns) can be
targeted using antisense oligonucleotides.

The preferred GP88 antisense oligonucleotides are those
oligonucleotides which are stable, have a high resilience to
nucleases (enzymes that could potentially degrade oligo-
nucleotides), possess suitable pharmacokinetics to allow
them to traflic to disease tissue at non-toxic doses, and have
the ability to cross through plasma membranes.

Phosphorothioate antisense oligonucleotides may be
used. Modifications of the phosphodiester linkage as well as
of the heterocycle or the sugar may provide an increase 1n
elliciency. With respect to modification of the phosphodi-
ester linkage, phophorothioate may be used. An N3'-P5'
phosphoramidate linkage has been described as stabilizing
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oligonucleotides to nucleases and increasing the binding to
RNA. Peptide nucleic acid (PNA) linkage 1s a complete

replacement of the ribose and phosphodiester backbone and
1s stable to nucleases, increases the binding aflinity to RNA,
and does not allow cleavage by RN Ase H. Its basic structure
1s also amenable to modifications that may allow 1ts opti-
mization as an antisense component. With respect to modi-
fications of the heterocycle, certain heterocycle modifica-
tions have proven to augment antisense eflects without
interfering with RNAse H activity. An example of such
modification 1s C-5 thiazole modification. Modification of
the sugar may also be considered. 2'-O-propyl and 2'-meth-
oxyethoxy ribose modifications stabilize oligonucleotides to
nucleases 1n cell culture and 1n vivo. Cell culture and 1 vivo
tumor experiments using these types of oligonucleotides
targeted to c-rai-1 resulted in enhanced potency.

The delivery route will be the one that provides the best
antisense ellect as measured according to the criteria
described above. In vitro cell culture assays and in vivo
tumor growth assays using antisense oligonucleotides have
shown that delivery mediated by cationic liposomes, by
retroviral vectors and direct delivery are eflicient. Another
possible delivery mode 1s targeting using antibody to cell
surface markers for the tumor cells. Antibody to GP88 or to
its receptor may serve this purpose.

Recombinant GP&88

The present invention 1s also directed to DNA expression
systems for expressing a recombinant GP88 polypeptide or
a Tunctional denivative thereof substantially free of other
mammalian DNA sequences. Such DNA may be double or
single stranded. The DNA sequence should preferably have
about 20 or more nucleotides to allow hybridization to
another polynucleotide. In order to achieve higher specific-
ity ol hybridization, characterized by the absence of hybrid-
ization to sequences other than those encoding the GP8S8
protein or a homologue or functional derivative thereolf, a
length of at least 50 nucleotides 1s preferred.

The present mvention 1s also directed to the above DNA
molecules, expressible vehicles or vectors as well as hosts
transiected or transformed with the vehicles and capable of
expressing the polypeptide. Such hosts may be prokaryotic,
preferably bactenia, or eukaryotic, preferably yeast or mam-
malian cells. A preferred vector system includes baculovirus
expressed 1n msect cells. The DNA can be incorporated into
host organisms by transformation, transduction, transfec-
tion, infection or related processes known in the art. In
addition to DNA and mRNA sequences encoding the GP88
polypeptide, the invention also provides methods for expres-
sion of the nucleic acid sequence. Further, the genetic
sequences and oligonucleotides allow identification and
cloning of additional polypeptides having sequence homol-
ogy to the polypeptide GP88 described here.

An expression vector 1s a vector which (due to the
presence ol appropriate transcriptional and/or translational
control sequences) 1s capable of expressing a DNA (or
cDNA) molecule which has been cloned 1nto the vector and
thereby produces a polypeptide or protein. Expression of the
cloned sequence occurs when the expression vector 1s 1ntro-
duced 1nto an appropriate host cell. If a prokaryotic expres-
s1on vector 1s employed, then the appropriate host cell would
be any prokaryotic cell capable of expressing the cloned
sequence. Similarly, 1f an eukaryotic expression system 1s
employed, then the appropriate host cell would be any
cukaryotic cell capable of expressing the cloned sequence.
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Baculovirus vector, for example, can be used to clone GP88
cDNA and subsequently express the cDNA 1n isect cells.

A DNA sequence encoding GP88 polypeptide or its
functional derivatives may be recombined with vector DNA
in accordance with conventional techniques including blunt-
ended or staggered ended termim for ligation, restriction
enzyme digestion to provide appropriate termini, filling 1n
cohesive ends as appropriate, alkaline phosphatase treatment
to avoid undesirable jomning, and ligation with proper

enzyme ligases. Techniques for such manipulations are
discussed 1n (35).

A nucleic acid molecule 1s capable of expressing a
polypeptide 11 1t contains nucleotide sequences which con-
tain transcriptional and translational regulatory information
and such sequences are operably linked to nucleotide
sequences which encode the polypeptide. An operable link-
age 1s a linkage 1 which the regulatory DNA sequences and
the DNA sequence sought to be expressed are connected in
such a way as to permit gene expression. The precise nature
of the regulatory regions needed for gene expression may
vary from organism to organism but shall 1n general include
a promoter region, which in prokaryotes contains both the
promoter (which directs the iitiation of RNA transcription)
as well as the DNA sequences which when transcribed nto
RNA will signal the initiation of protein synthesis. Such
regions will normally include those 5' non-coding sequences
involved with the mitiation of transcription, translation such
as the TATA box, capping sequence, CAAT sequence and the

like.

If desired, the 3' non-coding region to the gene sequence
encoding the protein may be obtained by described methods
(screening appropriate cDNA library or PCR amplification).
This region may be retained for the presence of transcrip-
tional termination regulatory sequences such as termination
and polyadenylation. Thus, by retaining the 3' region natu-
rally contiguous to the DNA sequence coding for the protein,
the transcriptional termination signals may be provided.
Where the transcription termination signals are not provided
or satisfactorily functional 1n the expression host cells, then
a 3' region from another gene may be substituted.

Two DNA sequences such as a promoter region sequence
and GP88 encoding sequence are said to be operably linked
if the nature of the linkage between the sequences does not
result 1n the introduction of a frame-shift mutation or
interfere with the ability of the promoter sequence to direct
transcription of the polypeptide gene sequence. The pro-
moter sequences may be prokaryotic, eukaryotic or viral.
Suitable promoters are inducible, repressible or constitutive.

Eukarvotic promoters include, but are not limited to, the
promoter for the mouse methallothionein I gene, the TK
promoter of Herpes Virus, the gene gal4 promoter, the SV40
carly promoter, the mouse mammary tumor virus ((MMTV)
promoter, and the cytomegalovirus (CMYV) promoter. Strong,
promoters are prelerred. Examples of such promoters are
those which recognize the T3, SP6 and T7 polymerases, the
PL promoter of bacteriophage lambda, the recA promoter,
the promoter of the mouse methallothionein 1 gene, the
SV40 promoter and the CMV promoter.

It 1s to be understood that application of the teachings of
the present invention to a specific problem or environment
will be within the capability of one having ordinary skill in
the art 1n light of the teachings contained herein. The present
invention 1s more fully illustrated by the following non-
limiting examples.
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EXAMPLE 1

GP88 Antagomists Induce Apoptosis In

Tamoxiten-Treated Cells

GP88 overexpression blocks down-regulation of Bcl-2
mRINA transcript 1n response to tamoxifen treatment.
MCEF-7 cells and MCF-7 cells overexpressing GP88 (04
cells) were treated with O to 2 um tamoxifen. FIG. 6. 5 ug
of total RNA was reverse transcribed into single strand
cDNA by Super Script II (BRL, Gaithersburg, Md.) using 20
ng random hexamer (Gibco) as primer. The reverse tran-

scription reaction was carried out for 1 h at 42 C 1n 10 nM
Tris-HCI (pH8.3), 2.5 mM MgC(Cl,, 50 mM KCI, DTT 0.01

M and ANTP (each 0.5 mM). A total of 30-35 PCR cycles
depending on the gene amplified were performed, followed
by electrophoresis on 1% agarose gel. The specific primer

pairs used were as follows: for glyceraldehyde 3-phosphate
dehydrogenase (GAPDH): forward primer 5' TGAAG-

GTCGGAGTCAACGGATTTGGT 3' (SEQ ID NO: 9),
reverse primer, 5' CATGTGGGCCATGAGGTCCACCAC
3' (SEQ ID NO: 10); for Bcl-2: forward primer 5' GGTGC-
CACCTGTGGTCCACCTG 3' (SEQ ID NO: 11), reverse
primer 5' CTTCACTTGTGGCCCAGATAGG 3' (SEQ ID
NO: 12); for Bax: forward primer 5 GAGCAGATCAT-
GAAGACAGGGG 3' (SEQ ID NO: 13), reverse primer 5'
CTCCAGCAAGGCCCAGCGTC 3' (SEQ ID NO: 14); for
Bcel-xl: forward primer 5 CAGTGAGTGAGCAGGT-
GTTTTGG 3 (SEQ ID NO: 15), reverse primer 3' GTTC-
CACAAAAGTATCCCAGCCG 3' (SEQ ID NO: 16).

As shown 1 FIG. 6, Bcl-2 was down-regulated 1n cells
treated with tamoxifen that do not overexpress GP88 (lanes
1-4-empty vector). Bcel-2 down-regulation was blocked 1n

cells overexpressing GP88 and treated with tamoxifen (lanes
5-8).

EXAMPLE 2

Anti-GP88 Antibody 5B4 Induces Apoptosis in

Cells Overexpressing GP88 (04 Cells) or Cells
Resistant to Tamoxifen

As discussed above, cleavage of PARP releases an 85 kDa
fragment indicating the cell 1s undergoing apoptosis. West-
ern blot analysis using an anti-PARP antibody revealed the
presence or absence of apoptosis i cells treated with
combinations of tamoxifen, anti-GP88 antibody, and estra-
diol.

MCF-7 cells or O4 cells were seeded at a density of 7x10°
cells in 60-mm dish in DMEM/F12 supplemented with 5%
FBS. After 24 hours, medium was changed to serum-iree
phenol red-free DMEM/F12 supplemented with vehicle or
purified GP88. After another 24 hours, cells were treated
with either vehicle only or various combinations of tamox-
ifen, anti-GP88 antibody, estradiol, or vehicle for 24 hours.
Cell lysates were collected 1n 6M urea 1n RIPA butler (50
mM Tris HCI pH 7.4, 1% NP-40, 0.25% sodium deoxycho-
late, 150 mM NaCl, 1 mM EDTA, 1 mM sodium ortho-
vanadate, 1 mM NakF, protease inhibitors). 100 ug of protein
from each sample was used for immunoblotting with anti-
PARP antibody. Intact and cleaved forms of PARP were
detected using a mouse monoclonal anti-PARP antibody
from Oncogene Research (San Diego, Califl.). a-Actin was
used for normalizing the loading.

As shown in FIG. 5, GP88 inhibits induction of apoptosis
by tamoxifen. Estradiol, an activator of the estrogen receptor

pathway, also blocks induction of apoptosis by tamoxifen.
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FIGS. 21 and 22 show that ant1-GP88 antibody 5B4 induces
apoptosis 1n cells overexpressing GP88 (04 cells) or cells
resistant to tamoxifen.

The above description and examples are only illustrative

of embodiments which achieve the objects, features, and
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advantages of the present invention, and 1t 1s not intended
that the present invention be limited thereto. Any modifica-
tions of the present mvention which come within the spirt
and scope of the following claims 1s considered part of the
present 1nvention.

<160> NUMBER OF SEQ ID NOS:
<210> SEQ ID NO 1

<211> LENGTH: 2137

<212> TYPE: DNA

<213> ORGANISM: Mus musculus
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (223)..(1789)
<400> SEQUENCE: 1

cggaccccga cgcagacaga c¢c atg tgg gtce ctg atg age tgg ctg gcocc ttc

gcy
Ala

cct
Pro

aac
ASn

ggc
Gly

cte
Leu
75

tct

Ser

gca
Ala

gtc
Val

tct
Ser
155

gac
ASpP

cta
Leu

CCC
Phe

dCC

gca
Ala

gtt
Val

cct
Pro

tcc
Ser
60

act
Thr

tgt

gat
Asp

cag
Gln

att
Tle
140

tgc

ctyg
Leu

aag

tct
Ser

g9Y
Gly

gcc
Ala

ctt
Leu
45

tgc

gtg
Val

ggt
Gly

99Y
Gly

tgt
Cys
125

atg
Met

tgt
Cvys

gtt
Val

aag
Lys

gtc
Val
205

tgt

ctg
Leu

tgc
Cys
30

ctyg
Leu

cag
Gln

tct
Ser

gat
ASP

aaa
Lys
110

cct
Pro

gtt
Val

gaa
Glu

cac
His

| e
Phe
190

gtg
Val

gag

gta
Val
15

tgc
Cys

gac
ASp

acgc
Thr

999
Gly

gyc
Gly

55

tcc
Serxr

999
Gly

gat
ASp

gac
ASp

aca
Thr
175

cct
Pro

tgc
Cys

cta

gcc
Ala

ctt
Leu

aca
Thr

cat
His

act
Thr
80

tac

tgc
Cys

agc
Ser

ggt
Gly

aga
Arg
160

cga

gca
Ala

cct
Pro

CCC

17

SEQUENCE LISTING

Met Trp Val Leu Met Ser Trp Leu Ala Phe

gya
Gly

gac
ASpP

tgg
Trp

ggc
Gly

65

tcc
Ser

cac
Hisg

CLCC
Phe

cag
Gln

tcyg
Ser
145

gtg
val

caa
Gln

gat
ASDP

act

aca
Thr

cag
Gln

cCct
Pro
50

cac
His

agc
Ser

tgc

cag
Gln

CLtC
Phe
130

tgg
Trp

cat
His

gtt
Val

aag

gct
Ala
210

999

cag
Gln

gga
Gly

35

aga
ATrg

atg
Met
115
gaa

Glu

gg4a
Gly

tgc

tca
Ser

acgc
Thr
195

aag

aag

tgt
Cvys
20

gga
Gly

ata
Tle

cct
Pro

tgc

cCCcC
Pro
100

tca
Ser

ele
Pro
180

aac
Agn

acc
Thr

tat

cca
Pro

gcc
b2la

acg
Thr

gct
Ala

CCg
Pro
85

cag

Gln

gat
ASpP

cct
Pro

tgt
Cys

CCC
Pro
165

acg
Thr

agc
Ser

cag
Gln

gyc

gat
ASP

aac
Asn

agc
Ser

ggc
Gly

70

CCc
Phe

gyc
Gly

aac
ASn

gac
ASP

cCC
Pro
150

cat
His

gyc
Gly

gca
Ala

tgt
Cys

999
Gly

tac

cat
Hisg
55

tat

tct
Ser

(ol e
Phe

coc
Pro

CCt

Ser
135

atg
Met

999
Gly

acgc
Thr

gtg
Val

cCc
Pro
215

tgt

52
10
cag ttc tgc 100
Gln Phe Cys
25
agc tgc tgt 148
sSer Cys Cvys
40
cat cta gat 196
His Leu Agp
tct tgt ctt 244
Ser Cys Leu
aag ggt gtg 292
Lys Gly Val
50
cac tgt agt 340
Hig Cysg Ser
105
ttg ggt gct 388
Leu Gly Ala
120
gcc acc tgc 436
Ala Thr Cys
CcCcCc cag gcc 4384
Pro Gln Ala
gcc tcce tgt 532
Ala Ser Cys
170
cac acc cta 580
His Thr Leu
185
tct ttg cct 628
ser Leu Pro
200
gat gat tct 676
Asp Asp Serx
cca atg ccc 724



Thr

aat
Agn
235

gta
Val

gat
ASp

gac
ASpP

act
Thr

gat
ASpP
315

gga
Gly

ata
Tle

cct
Pro

ctc
Leu

tgc
Cys
395

cag
Gln

ata
Tle

gac
ASp

aag

gac
ASpP
475

ay9y
ATrg

acc
Thr

Cys
220

gcc
2la

tgt
Cys

ctce
Leu

atg
Met

944
Gly

300

cac
His

acc
Thr

gcc
2la

tgt
Cys

aat
Agn
380

tca
Ser

994
Gly

cct
Pro

cag
Gln

gga
Gly

460

<99
Arg

acc
Thr

ctce
Leu

cat
His

atc
Tle

gac
ASP

ctg
Leu

gayd
Glu
285

gcc
Ala

atctc
Tle

tgc
Cys

cCc
Pro

gat
ASP
365

tct

Ser

gac
ASP

tac

gcc
Ala

cat
His
445

agt
Ser

cag
Gln

tgt

gyc
Gly

gat
ASP
525

Glu

tgc
Cys

ctg
Leu

acgc
Thr
270

gtg
Val

tgg
Trp

cat
His

gaa
Glu

ctc
Leu
350

gac
ASDP

999
Gly

aac
ASn

tgt
Cys

cgc
ATg
430

acc
Thr

tgg
Trp

cac
His

gay
Glu

cCct

Pro
510

aac
Agn

Leu

tgt

atc
Tle
255

aag

agc
Ser

ggc
Gly

tgc

atg
Met
335

cgc

Arg

Ctc
Phe

gac
AsSp

cag
Gln

cag
Gln
415

cag
Gln

agc
Ser

gcc
2la

tgt

aag
Lys
495

aag

cag
Gln

Pro

tcc
Ser
240

cag
Gln

ctyg
Leu

tgc
Cvys
320

ggt
Gly

ctyg
Leu

act
Thr

tgg
Trp

cat
Hig
400

aag

aca
Thr

tgc
Cvs
480

gat
ASpP

gtt
Val

acc
Thr

27

Thr
225

gac
AsSp

agt
Ser

cct
Pro

cCct
Pro

tgt
Cys
305

ccg

Pro

atc
Tle

cCa
Pro

adggy
Arg

ggc
Gly

385

tgc

gga
Gly

acgc
Thr

cCa
Pro

tgc
Cys
465

ccg
Pro

gtc
Val

999
Gly

tgt

Gly

cac
His

aag
Lys

g4ya
Gly

gaa
Glu
290

cca
Pro

gca
2la

ctce
Leu

gac
ASP

tgt
Cys
370

tgc
Cys

tgc
Cys

gac
ASP

ccyg
Pro

gta
Val
450

cag
Gln

gcc
Ala

gat
ASP

aat
Agn

tgt
Cys
530

ctg
Leu

tgc
Cys

tac
Tyr
275

gya
Gly

CCLC
Phe

94Y
Gly

caa
Gln

cCa
Pro
355

cct
Pro

tgt
Cys

cct
Pro

aca
Thr

ctc
Leu
435

999
Gly

ctg
Leu

999
Gly

| ol ol
Phe

gtg
Val
515

daad

cac
His

cta
Leu
260

cca
Pro

tat

gcc
ala

CCLC
Phe

gta
Val
340

cag
Gln

aca
Thr

cCc
Pro

cag
Gln

atg
Met
420

caa
Gln

caa
Gln

cCccC
Pro

tac

atc
Ile
500

gay
Glu

gac
ASp

Gly

Cys
245

tcc
Ser

gtg
Val

ace
Thr

aag

cag
Gln
325

9499
Gly

atc
ITle

aac
ASnhn

atc
Ile

gyc
Gly

405

gtg
Val

atct
ITle

ace
Thr

cat
His

acc
Thr
485

cag
Gln

tgt

agt
Ser

-continued

Cys Cys Pro Met

230

tgc

gcce
Ala
210

tgt

tgg
Trp

ttyg
Leu

aat
Asn

cca
Pro
350

CtcC

Phe

gct
Ala

gga
Gly

tgc

gct
Ala
470

tgc

cct
Pro

gga
Gly

gca
Ala

cCCC
Pro

aac
Agn

gay
Glu

tgc
Cys
295

gtyg
Val

cac
His

atg
Met

aag

acgc
Thr
375

gay
Glu

aca
Thr

ggc
Gly

gat
Asp

tgc
Cys
455

gtg
Val

aac
Agn

cCCC
Pro

gaa
Glu

ggda
Gly

535

cag
Gln

tac

gtg
Val
280

cgc
Arg

tgt
Cys

aca
Thr

aag
Lys

agt
Ser
360

tgc
Cys

gct
Ala

tgt
Cys

ctyg
Leu

atc
Tle
440

cCca
Pro

tgc
Cys

gtg
Vval

gtg
Val

949
Gly

520

gtc
Val

gac
ASP

acgc
Thr
265

aag
Lys

ctc
Leu

tgt
Cys

gayd
Glu

aag
Lys
345

gat
ASP

tgc
Cys

gtc
Val

ctg
Leu

gagd
Glu
425

ggt
Gly

agc
Ser

tgt
Cys

aag
Lys

ctc

Leu
505

cat
His

tgg
Trp

US 7,368,428 B2

Pro

act
Thr
250

acg
Thr

tgc
Cys

aac
Agn

gac
ASpP

aaa
Lys
330

gtc
Val

aca
Thr

add

tgc
Cys

gct
Ala
410

aag
Lys

tgt
Cys

ctce
Leu

gay
Glu

gcgd
Ala
490

ctg
Leu

CLCcC
Phe

gcc
Ala

772

820

868

916

5964

1012

1060

1108

1156

1204

1252

1300

1348

1396

1444

1492

1540

1588

1636

28



tgc

tgc
Cys
555

aag
Lys

tgt
Cys
540

cCoC
Pro

aag
Lys

cCcC
Pro

ggt
Gly

atctc
Ile

tac

gyc
Gly

cct
Pro

cta
Leu

Ctc
Phe

cgc
Arg
575

aag
Lys

cac
Hig
560

tgg
Trp

29

ggt
Gly

545
tgt

Cys

gac
Asp

gtc
Val

tca
Ser

atg
Met

tgc
Cys

gcc
Ala

CCLC
Phe

tgt
Cys

ag9gy
ATrg

ttg
Leu
580

aga
ATrg

g9ya4a
Gly

565

agy
ATYg

-continued

gat
ASD
550

acc
Thr

gat
ASDP

g9a
Gly

aag
Lys

cCcyg
Pro

cgt
Arg

tgt
Cys

gtc
Val

cac
His

ttg
Leu

cCa
Pro
585

US 7,368,428 B2

tgt
Cys

cga
ATrg
570

aga
ATrg

ccg cta ctg
Pro Leu Leu

gaaccctgtt
tccececggect
accttctttt
cggtttetgt
gcttgtgtgt
aaaaaaaa

<210>
<211l>

212>
<213>

TYPE :

taaggaaggg ctacagactt aaggaactcc acagtcctgg

ccgagggtac

actcatcctg

atggaaagaa

ggaccttgtyg

gtgtgcgegt

SEQ ID NO 2
LENGTH :

589
PRT

ccactactca

agtcacccta

ggctctggcec
gccaggtgcet

gtgcgtgtgt

ORGANISM: Mus musculus

ggcctccocta
tcaccatggy
aaaagccccy
cttcoccocgagc

tgctccaata

gcgcectoctc
aggtggagcc
tatcaaactg
cacaggtgtt

aagtttgtac

ccctaacgtce
tcaaactaaa
ccatttcttc
ctgtgagctt

gctttctgaa

<4 00>

SEQUENCE :

Met Trp Val Leu

1

Gly

ASp

Trp

Gly

65

Ser

His

Phe

Gln

Ser

145

Val

Gln

ASpP

Thr
225

Thr

Gln

Pro

50

His

Ser

Gln

Phe
120

Trp

His

Val

2la
210

Gly

Gln

Gly
35

ATg

Met
115

Glu

Gly

Ser

Thr
195

Cys
20

Gly

Ile

Pro

Pro
100

Ser

Pro
180

Agn

Thr

2

Met

5

Pro

Ala

Thr

2la

Pro

85

Gln

AsSp

Pro

Pro

165

Thr

Ser

Gln

Gly

Ser

ASP

Agn

Ser

Gly

70

Phe

Gly

Agn

ASpP

Pro

150

His

Gly

Ala

Cys
230

Trp

Gly

Ser

Phe

Pro

Ser

135

Met

Gly

Thr

Val

Pro
215

Leu

Gln

Ser

40

Hig

Ser

Hig

Leu

120

2la

Pro

2la

His

Ser

200

ASP

Pro

Ala
Phe

25

Leu

Gly

Cys

105

Gly

Thr

Gln

Ser

Thr

185

Leu

ASP

Met

Phe
10

ASpP

Leu

Val

90

Ser

2la

Ala

Cys

170

Leu

Pro

Ser

Pro

Ala

Pro

Agnh

Gly

Leu

75

Ser

Ala

Val

Ser

155

ASpP

Leu

Phe

Thr

Agnh
235

Ala

Val

Pro

Ser

60

Thr

ASP

Gln

Ile

140

Leu

Ser

Cys
220

Ala

Gly

Ala

Leu
45

val

Gly

Gly

Cys

125

Met

Vval

val

205

Ile

Leu
Cys
30

Leu

Gln

Ser

ASP

Lys

110

Pro

Val

Glu

His

Phe

120

Val

Glu

Val

15

ASP

Thr

Gly

Gly

95

Ser

Gly

ASP

ASpP

Thr

175

Pro

Leu

2la

Leu

Thr

Hig

Thr
80

Ser

Gly

Arg

160

Arg

2la

Pro

Pro

Ser
240

1684

1732

1780

18295

18895

194595

2009

2069

2129

2137

30



ASp

Ser

Pro

Pro

Cys

305

Pro

Tle

Pro

Arg

Gly

385

Gly

Thr

Pro

Cys

465

Pro

Val

Gly

Gly
545

ASpP

<210>
<211>
<212>
<213>

<4 00>

His

Gly

Glu

290

Pro

Ala

Leu

ASpP

Cys
370

ASp

Pro

Val

450

Gln

2la

ASp

Agn

Cys

530

Val

Ser

Met

Leu

Tyr

275

Gly

Phe

Gly

Gln

Pro

355

Pro

Pro

Thr

Leu

435

Gly

Leu

Gly

Phe

Val
515

Ala

Phe

His
Leu

260

Pro

Ala

Phe

Val

340

Gln

Thr

Pro

Gln

Met

420

Gln

Gln

Pro

Tle
500

Glu

ASP

ATg

Leu
580

SEQUENCE :

Cvys
245
sSer

Val

Thr

Gln

325

Gly

Ile

Asn

Tle

Gly

405

Vval

Ile

Thr

His

Thr

485

Gln

Ser

Gly
565

Arg

SEQ ID NO 3
LENGTH :
TYPE: DNA
ORGANISM: Homo saplens

2095

3

Ala

310

Trp

Leu

Agn

Pro

390

Phe

Ala

Gly

Ala

470

Pro

Gly

Ala

ASpP

550

Thr

ASP

31

Pro
AsSn
Glu
Cvys
295
Val

His

Met

Thr
375
Glu
Thr
Gly
Asp
Cvs
455
Val
Asn
Pro
Glu
Gly

535

Gly

Pro

Gln

Val
280

ATrg

Thr

Ser
360

2la

Leu
Ile
440

Pro

Val

Val

Gly

520

Val

Arg

Val

ASDP
Thr

265

Leu

Glu
Lys
345

ASP

Val

Leu

Glu

425

Gly

Ser

Leu

505

His

Trp

His

Leu

Pro
585

Thr
250

Thr

Agn

ASp

Lys

330

Val

Thr

ala
4710

Leu

Glu

2la
490

Leu

Phe

ala

Arg
570

Arg

Val

ASpP

ASDP

Thr

ASpP

315

Gly

Tle

Pro

Leu

Cys

395

Gln

Tle

ASDP

ASpP
475
ATYg

Thr

Cys
555

Pro

-continued

Cys Asp Leu Ile

Leu

Met

Gly

300

Hig

Thr

Ala

AsSn

380

Ser

Gly

Pro

Gln

Gly

460

AYg

Thr

Leu

Hig

Cys

540

Pro

Leu

Leu
Glu
285

Ala

Tle

Pro
Asp
365

Ser

Asp

Ala
His
445

Ser

Gln

Gly

Asp

525

Pro

Gly

Tle

Leu

Thr

270

Val

Trp

His

Glu

Leu

350

ASP

Gly

Agn

ATrg

430

Thr

Trp

His

Glu

Pro

510

Agn

Gly

Pro

255

Lys

Ser

Gly

Met

335

Arg

Phe

ASpP

Gln

Gln

415

Gln

Ser

Ala

Lys

495

Gln

Leu

Phe

Arg
575

US 7,368,428 B2

Gln

Leu

Cys

320

Gly

Leu

Thr

Trp

His

400

Thr

Cys
480

ASpP

Val

Thr

His
560

Trp

32

cgcaggcaga ccatgtggac cctggtgagce tgggtggcect taacagcagg gctggtggcet 60

ggaacgcggt gcccagatgg tcagttctge cctgtggect gectgectgga ccocccggagga 120



gccagctaca

CtgggtggCC

gtctcaggga

cactgctgcec

ggtaacaact

tccacgtgcet

tgctgtgaag

cgctgcatca

aacagggcag

gatggttcta

gccacctgcet

cagagtaagt

cacacagtgg

tgccgtcectac

gaccacatac

caggggcccc

ccacaagcct

acctgctgcec

tgctcggacc

cagcgaggaa

tcccacccecceca

tgcccecgagec

gatcgccagce

aaggaagtgg

aaggacgtgg

aaccgacagyg

cactgctgtc

gcccoccegeget

gtactgaaga

cctagcacct

gggaggtggg

attacaagct

tccacagggy

gctgctgecy
cctgceccaggt

cttccagttyg

cacggggctt
ccgtgggtgce
gtgttatggt
acagggtgca
cacccacggg
tggccttgtce
cctgetgtga
gctcecegatca
gcctctccaa
gcgatgtgaa
agtcgggggc
actgctgtcc
accaggtgcc
tgaagagaga
aactcacgtc
accagcactg
gcgagatcgt
gagacatcgyg
agggtgggag
actgctgcecce
tctctgcecca
agtgtgggga
gctgggcectyg
ctgctggctt
gggacgcccc
ctctgcagcce
cccectaacce
gcctcaatct
gccatccect

tgtttgtgtyg

<210> SEQ ID NO 4

<211> LENGTH:
<212> TYPE:

1676
PRT

33

tccocecttetg
tgatgcccac
ctgccceccettce
ccactgcagt
catccagtgc
cgatggctcc
ctgctgtccg
cacccacccce
cagctcggtc
gctgccoccagt
cctgcactyge
ggagaacgct
atgtgacatg
ctggggctgce
cgcggggttt
ctggatggag
tgtccccectgt
tggggagtgg
ctgccccecag
ggctggactyg
ctgtgaccag
ctgggcectygce

ggctggctac

gcctgeccacce
aggacacttc
ctgtccectac
ccgcectgegcea
tttgagggac
ctcgggaccc
aaattctccc
aaggcccttc

ccccgtttca

ctgggtgtgc

<213> ORGANISM: Homo saplens

<400> SEQUENCE: 4

gacaaatggc

tgctctgcecy

ccagaggccy

gcadacygycC

cctgatagtc

tgggggtgcet

cacggtgcct

ctggcaaaga

atgtgtccgy

gggaagtatyg

tgccceccaayg

accacggacc

gaggtgagct

tgccctttta

acgtgtgaca

aaggccaccag

gataatgtca

ggctgctgtce

cgatacacgt

gagaagatgc

cacaccagct

tgccagttgce

acctgcaacy

ttcctggcecc

tgccatgata

gccagyycy

cgcaggggta

ccagccttga

cactcggagy

tggaccccat

cctgtcagaa

gtggaccctyg

Cttcaataaa

US 7,368,428 B2
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ccacaacact

gccactcctyg

tggcatgcgg

gatcctgcett

agttcgaatg

gccccatgcec

tctgcgacct

agctccectgce

acgcacggtce

gctgctgcecc

acactgtgtyg

tcctcactaa

gcccagatgyg

cccaggcetgt

cgcagaadgddyy

ctcacctcag

gcagctgtcc

caatcccaga

gtgtagctga

ctgccecgecy

gceceggtggyg

cccatgetgt

tgaaggctcy

gtagccctca

accagacctg

tctgttgtge

ccaagtgttt

gacagctgct

gtgccctcetyg

tctgagctec

gggggttgag

tggccaggtg

gtttgtcact

gagcaggcat
catctttacc
ggatggccat
ccaaagatca
cccggactte
ccaggcttec
ggttcacacc
ccagaggact
ccggtgecct
aatgcccaac
tgacctgatc
gctgcctygcey
ctatacctgc
gtgctgtgag
tacctgtgaa
cctgccagac
ctcctecgat
ggctgtcotgc
ggggcagtgt
cggttcectta
cggaacctgce
gtgctgcgag
atcctgcegag
cgtgggtgtyg
ctgccgagac
tgatcggcgc
gcgcagyygay
gtgagggaca
ctcaggcctce
ccatcaccat
gcaaaagccc
CCLCttcccta

CECtC

Met Glu Thr Thr Arg Pro Thr His Arg Leu Glu Val Ala Leu Ser Glu

1

5

10

15

Arg Thr Arg Pro Val Ala Leu Ala Leu Ala Leu Glu Thr His Arg Ala

20

25

30

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2095
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Leu

Thr

Tyr

65

Leu

Leu

ATrg

Ala

ATg

145

Ser

Ala

Pro

Hig

225

Pro

Ile

Pro

Ser

305

Glu

Ala

Leu

Gly

Pro

385

Ala

ATrg

Glu

2la
His
50

Gly

2la

Ser

130

Leu

Gly

Pro

Gly

His

210

Arg

His

Ser

His

290

Pro

Gly

Ser

Glu

Leu

370

His

Leu

Thr

Thr

Gly
35

ATrg

Leu

Gly

Tyr

115

Pro

Glu

Leu

Ala

Leu

195

Glu

Ser

Glu

Ser

Cys

275

Glu

Gly

Leu

Agn

Gly

355

AgSh

Glu

Met

Pro
435

Leu

Ala

Agn

Leu
100
Ser

Leu

Ser

Leu

180

Thr

Glu

Pro

Gly

260

His

Leu

Agn

Ser

340

Leu

Pro

Ser

Glu

Pro

420

ATrg

Arg

Pro

Ser
85

Glu

Pro

165

Ala

Hig

His

Arg

Arg

245

Leu

Ser

ITle

Ala

325

Glu

AsSn

His

Glu

Thr

405

Gly

Gly

Leu

Gly

Hig

70

Ala

Ser

ATg

150

ATrg

His

ITle

ATrg

Ser

230

Gly

Ser

Ala
310

ATg

ATrg

Glu

ATrg

390

Val

Leu

Leu

35

Glu
Cys
55

Glu

Leu
Ser
Thr

135

Ala

Tle
Ser
Val
215
Glu

Leu

Ala

Cvs
295
Arg

Gly

Val

Gly
375
Thr

Ala

ASn

Val
40

Ser

Ala

Ala

120

ATrg

ATrg

Ser

Ser

200

Ala

ATy

Ala

Ser

Ser

280

Gly

Ser

Ala

Ser

360

Leu

His

Leu

2la
440

Ala

Ser

Leu

Ser

105

Pro

Gly

Ser

Cys

185

Glu

Leu

Leu

Pro

265

Pro

Ser

Ser

Glu

Leu

345

Pro

ATrg

Ala

Tyr
425

Leu

Leu

Pro

Ser

Glu

50

Glu

Gly

Pro

His

Gly

170

Arg

Ser

Ala
250

Gly

Sexr

Glu

Arg
330

Gly

Ser
410

Sexr

2la

Ala

ATy

Pro

75

Ala

ATrg

Pro

ATrg

Ile

155

Leu

Ser

Glu

Ser

235

Val

Leu

Ala

Glu

ATrg

315

Gly

Leu

Ala

Ser

Tyr

395

Pro

Ser

-continued

Leu

Ala

60

AYg

Ser

Thr

ATrg

Thr

140

Ser

AsSn

Ser

ATYg
220

Ala

AYg
ATrg

300

Leu

Ser
Pro
380

Ser

Gly

Glu

Ala
45
Ser

Val

Pro

Leu

125

His

Leu

val

Glu

Ser

205

Gly

Leu

His

Gly

285

Ala

Tvr

Ala

Pro

365

Arg

Leu

Ser

Arg
445

Gly

Pro

Ala

Pro

ATrg

110

Glu

ATrg

Glu

Ala

ATrg

190

Ile

Leu

Ser

Ala

Tle

270

Gly

Leu

Ser

Ala

Leu

350

Ser

Ala

Pro
430

Leu

Gly

Leu

Arg

55

Ser

Leu

Thr

Gly

Leu

175

2la

Leu

Pro

Leu

255

Ser

Leu

Ala

Pro

Ser

335

2la

Glu

Ser

Ser

Ser

415

Arg
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Leu

2la

80

Gly

Glu

Glu

His

Leu

160

Ala

Leu

Glu

Thr

ATrg

240

Ala

His

Ala
His
320

Agn

Tle

Pro

Val

400

Glu

Met

Ser

36



Ser

465

Leu

His

Hig

Pro

ATg

545

Ala

ATg

Pro

Gly

His

625

Arg

Thr

Tle

Leu

705

Pro

Leu

Hig

Hig

785

Ser

Glu

Thr

ASh

Tyr

450

2la

Ile

Arg

ATrg

530

ala

ATrg

Ser

Arg

Cys

610

ATy

Gly

Hig

Ser

690

Agn

Leu

Ser

2la

Arg

770

Arg

Arg

His

Sexr

850

Tvyr

Ser

Pro

Ser

Pro

515

Leu

Leu

Gly

Glu

Ala
505

Leu

Ser

ATg

675

Leu

Ala

Glu

Leu

Thr

755

Leu

Val

ATrg
835

Glu

Ser

Gly

Ser

His

Thr

500

ATrg

Glu

Ala

Ala

ATg

580

Ser

Ser

Pro

660

Glu

Ser

Tle

Glu

740

His

Ala

Ser

Tyr
820

Leu

Glu

485

Hig

Thr

Ala

Gly

Leu

565

Ser

Pro

Pro

Ser

Leu

645

Arg

His

Pro

Leu

725

Ser

Arg

Ser

Leu

Ala

805

Ser

Ala

Tvyr

470

ATg

His

Leu

Leu

550

Ala

Glu

Ala

ATrg

Cys

630

Met

Ser

Tle

Thr

710

Glu

Glu

Thr

Leu

Gly

790

Ser

Pro

Ser

Leu

Ser

37

Ser
455

Ser

Ala
Arg
Ala
535
Asn
Val
Arg
Leu
Ala
615

Ser

Glu

Ser
695

His
Gly
Arg
His
Glu
775
Leu

Pro

Arg

Tyr
855

Pro

Pro

Pro

Ser

ATy

Gly

520

Leu

Ala

2la

Val

Ala

600

Ser

Ser

Thr

Thr

Tyr

680

ATy

Leu

Leu

ATy

760

Pro

Met

Ala

Tyr

840

Ala

ATrg

Ala

ATrg

Ala

Gly

505

Leu

ATg

Leu

Ala

585

Ala

Pro

Gly

Pro
665

Ser

Val

AgSh

Tyr

745

Ala

Arg

Ala

Glu

Ser

825

Ser

Leu

Pro

Arg

His

Ser
490

Ser

Gly

2la

570

Leu

Gly

Leu

Arg

650

Arg

Ser

Ser

2la

Sexr

730

Ser

Ser

2la

Ser

Thr

810

Pro

2la

Ala

His

Gly
Ile
475

Pro

Thr

Leu

Thr

555

Leu

Met

Gly

Leu

Leu

635

Gly

Ala

Glu

Leu

715

Glu

Gly

Pro

Leu

Pro

795

Gly

Gly

ATrg

Thr

Glu

-continued

Val Ala Leu His

460

Ser

Leu

Ser

Hig

Tvr

540

His

Ala

Glu

Ser

Tvr

620

Glu

Leu

Ser

ATYJ

Tvyr

700

ATrg

Leu

Leu

Ala
780

Val

Leu

Leu

Gly

ATrg

860

Thr

Gly

Glu

Ile

Arg

525

Ser

Arg

Leu

Thr

Glu

605

Ser

Pro

AsSn

Ala
685

Ser

Leu

Ala

Glu

765

His

Ala

Val

Leu
845

Pro

His

Leu

Val

Leu

510

His

Leu

Ala

Glu

Cys

590

Arg

Glu

ATg

Ala
670
Ser

Pro

Ser

Ser

750

Leu

Tle

Leu

Ala

Thr

830

Glu

Gly

ATrg

Tyr

2la

495

Glu

Tle

Glu

Ser

Ser

575

Ala

Arg

Ser

Tyr

655

Leu

Pro

Arg

2la

Ser

735

Agn

Glu

Ser

Leu

Leu

815

Gly

Leu

Gly
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Tle

Ala

480

Leu

Thr

Ser

Pro

Agn

560

Glu

Ser

Thr

Glu

640

Ser

b2la

Hig

Gly

Ser

720

Ala

Thr

Thr

Tyr

800

Ser

Arg

Leu

Leu

38



865

Asn

Ser

Ser

Tyr
945
ATrg

Glu

Tle

2la

Pro

Pro

Ser

530

Thr

His

Thr

Ser

Leu

Hig

ATrg

015

Ala

His

Tle

Gly

Leu

Ala

Ile

900

Ala

Ser

ATy

Ser

Leu

980

Glu

Val
885
Ser

Leu

Pro

Gly
965

Leu

Ser

870

Ala

Ile

Ala

Thr

Tyr

950

Leu

Glu

39

Leu
Leu
Gly
Hisg
935
Ser
AsSn

Ser

Arg

Glu

Leu

920

ATrg

Gly

Val

Ala

Leu

Hisg

905

Gly

Leu

Ala

Leu

985

Glu

Ser

890

Ile

Pro

Leu

Gly

Leu

970

ala

Pro

875

Ser

His

Agn

Leu

055

Pro

Pro

Arg

-continued

Glu

Leu

540

Agnh

ATYg

ATY(

Ala

Ser

Tvr

Thr

925

Gly

Thr

Ala

Ser

Gly

Ser

910

His

Ser

Leu

ATrg

Leu

990

Pro

Leu

895

Arg

Gly

Pro
75

ala

Pro

US 7,368,428 B2

880

b2la

Leu

Pro

960

Met

Hig

Arg

0905 1000 1005

Gly Leu Asn Ala Leu Ala Leu Glu Leu Tyr Ser Ala Arg Gly Ala Ser
1010 1015 1020

Pro Val Ala Leu Pro Arg Cys Tyr Ser Ala Ser Pro Ala Ser Asn Val
1025 1030 1035 1040

Ala Leu Ser Glu Arg Ser Glu Arg Cys Tyr Ser Pro Arg Ser Glu Arg
1045 1050 1055

Ser Glu Arg Ala Ser Pro Thr His Arg Cys Tyr Ser Cys Tyr Ser Gly
1060 1065 1070

Leu Asn Leu Glu Thr His Arg Ser Glu Arg Gly Leu Tyr Gly Leu Thr
1075 1080 1085

Arg Pro Gly Leu Tyr Cys Tyr Ser Cys Tyr Ser Pro Arg Ile Leu Glu
1090 1095 1100

Pro Arg Gly Leu Ala Leu Ala Val Ala Leu Cys Tvyvr Ser Cys Tyr Ser
1105 1110 1115 1120

Ser Glu Arg Ala Ser Pro His Ile Ser Gly Leu Asn His Ile Ser Cys
1125 1130 1135

Tyr Ser Cys Tyr Ser Pro Arg Gly Leu Asn Ala Arg Gly Thr Tyr Arg
1140 1145 1150

Thr His Arg Cys Tyr Ser Val Ala Leu 2Ala Leu Ala Gly Leu Gly Leu
1155 1160 1165

Tyr Gly Leu Asn Cys Tyr Ser Gly Leu Asn Ala Arg Gly Gly Leu Tyr
1170 1175 1180

Ser Glu Arg Gly Leu Ile Leu Glu Val Ala Leu Ala Leu Ala Gly Leu
1185 1190 1195 1200

Tyr Leu Glu Gly Leu Leu Tyr Ser Met Glu Thr Pro Arg Ala Leu Ala
1205 1210 1215

Ala Arg Gly Ala Arg Gly Gly Leu Tyr Ser Glu Arg Leu Glu Ser Glu
1220 1225 1230

Arg His Ile Ser Pro Arg Ala Arg Gly Ala Ser Pro Ile Leu Glu Gly
1235 1240 1245

Leu Tyr Cys Tyr Ser Ala Ser Pro Gly Leu Asn His Ile Ser Thr His
1250 1255 1260

Arg Ser Glu Arg Cys Tyvr Ser Pro Arg Val Ala Leu Gly Leu Tyr Gly
1265 1270 1275 1280

Leu Tyr Thr His Arg Cys Tyr Ser (Cys Tyr Ser Pro Arg Ser Glu Arg
1285 1290 1295

40



Gly Leu Asn Gly Leu
1300

Leu Ala Cys Tyr Ser
1315

Tle Sexr Ala Leu Ala
1330

Ala Ser Pro Ala Arg
1345

41

Tyr Gly Leu Tyr Ser
1305

Cys Tvyvr Ser Gly Leu
1320

Val Ala Leu Cys Tyr
1335

Gly Gly Leu Asn His
1350

US 7,368,428 B2

-continued

Glu Arg Thr Arg Pro
1310

Asn Leu Glu Pro Arg
1325

Ser Cys Tvyvr Ser Gly
1340

Ile Ser Cys Tyr Ser
1355

Ala

His

Leu

Cys
1360

Tyr Ser Pro Arg Ala Leu Ala Gly Leu Tyr Thr Tyr Arg Thr His Arg
1365 1370 1375

Cys Tyr Ser Ala Ser Asn Val Ala Leu Leu Tyr Ser Ala Leu Ala Ala
1380 1385 1390

Arg Gly Ser Glu Arg Cys Tyr Ser Gly Leu Leu Tyr Ser Gly Leu Val
1395 1400 1405

Ala Leu Val Ala Leu Ser Glu Arg Ala Leu Ala Gly Leu Asn Pro Arg
1410 1415 1420

Ala Leu Ala Thr His Arg Pro His Glu Leu Glu Ala Leu Ala Ala Arg
1425 1430 1435 1440

Gly Ser Glu Arg Pro Arg His Ile Ser Val Ala Leu Gly Leu Tyr Val
1445 1450 1455

Ala Leu Leu Tyr Ser Ala Ser Pro Val Ala Leu Gly Leu Cys Tyr Ser
1460 1465 1470

Gly Leu Tyr Gly Leu Gly Leu Tyr His Ile Ser Pro His Glu Cys Tyr
1475 1480 1485

Ser His Ile Ser Ala Ser Pro Ala Ser Asn Gly Leu Asn Thr His Arg
1490 1495 1500

Cys Tyr Ser Cys Tyr Ser Ala Arg Gly Ala Ser Pro Ala Ser Asn Ala
1505 1510 1515 1520

Arg Gly Gly Leu Asn Gly Leu Tyr Thr Arg Pro Ala Leu Ala Cys Tyr
1525 1530 1535

ser Cys Tyr Ser Pro Arg Thr Tyr Arg Ala Leu Ala Gly Leu Asn Gly
1540 1545 1550

Leu Tyr Val Ala Leu Cys Tyr Ser Cys Tyr Ser Ala Leu Ala Ala Ser
1555 1560 1565

Pro Ala Arg Gly Ala Arg Gly Hig Ile Ser Cys Tyr Ser Cys Tyr Ser
1570 1575 1580

Pro Arg Ala Leu Ala Gly Leu Tyr Pro His Glu Ala Arg Gly Cys Tyr
1585 1590 1595 1600

Ser Ala Leu Ala Ala Arg Gly Ala Arg Gly Gly Leu Tyr Thr His Arg
1605 1610 1615

Leu Tyr Ser Cys Tyr Ser Leu Glu Ala Arg Gly Ala Arg Gly Gly Leu
1620 1625 1630

Ala Leu Ala Pro Arg Ala Arg Gly Thr Arg Pro Ala Ser Pro Ala Leu
1635 1640 1645

Ala Pro Arg Leu Glu Ala Arg Gly Ala Ser Pro Pro Arg Ala Leu Ala
1650 1655 1660

Leu Glu Ala Arg Gly Gly Leu Asn Leu Glu Leu Glu
1665 1670 1675

<210> SEQ ID NO b5

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

42



<223>

<4 00>

US 7,368,428 B2

43

-continued

OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide sequence

SEQUENCE: b5

aggttgatgc ccactgctct g

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 6

LENGTH: 21

TYPE: RNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide sequence

SEQUENCE: 6

gagcaguggg caucaaccug g

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 7

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide sequence

SEQUENCE : 7

agatcaggta acaactccgt g

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 8

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

polynucleotide sequence

SEQUENCE: 8

ggacacttct gccatgataa ¢

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO S

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

PCR primer

SEQUENCE: 9

tgaaggtcgg agtcaacgga tttggt

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 10

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

PCR primer

SEQUENCE: 10

catgtgggcce atgaggtcca ccac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 11

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

26

Synthetic

24

Synthetic
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<4 00>

US 7,368,428 B2

45

-continued

PCR primer

SEQUENCE: 11

ggtgccacct gtggtccacc tg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 12

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

PCR primer

SEQUENCE: 12

cttcacttgt ggcccagata gg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 13

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

PCR primer

SEQUENCE: 13

gagcagatca tgaagacagg g9

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 14

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

PCR primer

SEQUENCE: 14

ctccagcaag gcccagegtce

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 15

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

PCR primer

SEQUENCE: 15

cagtgagtga gcaggtgttt tgg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 1leo

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of Artificial Sequence:

PCR primer

SEQUENCE: 16

gttccacaaa agtatcccag ccg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 55

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

sedquerice

22

Synthetic

22

Synthetic

22

Synthetic

20

Synthetic

23

Synthetic

23

Consensgsug

46



US 7,368,428 B2

48

Cys Xaa

15

Xaa Xaa

Xaa

47
-continued
<220> FEATURE:
«221> NAME/KEY: MOD RES
<222> LOCATION: (2)..(7)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
«221> NAME/KEY: MOD RES
<222> LOCATION: (9) .. (13)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
<221> NAME/KEY: MOD RES
<222> LOCATION: (1l6)..(20)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
«221> NAME/KEY: MOD_RES
<222> LOCATION: (22)..(25)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
«221> NAME/KEY: MOD RES
<222> LOCATION: (28)..(33)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
«221> NAME/KEY: MOD RES
<222> LOCATION: (36)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
«221> NAME/KEY: MOD RES
<222> LOCATION: (38)..(39)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
«221> NAME/KEY: MOD RES
222> LOCATION: (44)..(47)
<223> OTHER INFORMATION: Variable amino acid
<220> FEATURE:
<221> NAME/KEY: MOD RES
222> LOCATION: (49)..(54)
<223> OTHER INFORMATION: Variable amino acid
<400> SEQUENCE: 17
Cys Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Cys
1 5 10
Xaa Xaa Xaa Xaa Gly Xaa Xaa Xaa Xaa Cys (Cys Xaa Xaa Xaa
20 25 20
Xaa Cys Cys Xaa Agp Xaa Xaa His Cys Cys Pro Xaa Xaa Xaa
25 40 45
Xaa Xaa Xaa Xaa Xaa Xaa Cys
50 55
45

What 1s claimed as new and desired to be protected by
Letters Patent of the United States 1s:

1. A method for restoring sensitivity to antitumorigenic

cllects of antiestrogen therapy, comprising contacting a

breast tumor cell that 1s nonsensitive to the antitumorigenic
cllects of antiestrogen therapy with a PCDGF antagonist 1n

an amount ef

ective to restore sensitivity to antitumorigenic

cllects of antiestrogen therapy, wherein the PCDGF antago-

nist 1s an antibody or antibody fragment thereol produced
from a hybridoma cell line selected from the group consist-
ing of 6B3 hybridoma cell line (ATCC Accession Number
PTA-5262), 6B2 hybridoma cell line (ATCC Accession
Number PTA-35261), 6C12 hybridoma cell line (ATCC
Accession Number PTA-5597), 5SB4 hybridoma cell line
(ATCC Accession Number PTA-5260), 5G6 hybridoma cell
line (ATCC Accession Number PTA-5595), 4D1 hybridoma
cell line (ATCC Accession Number PTA-5593), 3F8 hybri-
doma cell line (ATCC Accession Number PTA-5591), 3F5
hybridoma cell line (ATCC Accession Number PTA-5259),
3F4 hybridoma cell line (ATCC Accession Number PTA-
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5590), 3G2 (ATCC Accession Number PTA-5592), and 2AS
hybridoma cell line (ATCC Accession Number PTA-35389).

2. The method of claim 1, wherein the antiestrogen
therapy 1s selected from the group consisting of tamoxifen,
raloxifene, aromatase inhibitors, and estrogen receptor
down-regulators.

3. A method of mducing apoptosis in a tumor cell,
comprising contacting a PCDGF antagonist to a tumor cell
in an amount effective to induce apoptosis of the tumor cell,
wherein the PCDGF antagonist 1s an antibody or antibody

fragment thereof produced from a hybridoma cell line

selected from the group consisting of 6B3 hybridoma cell
line (ATCC Accession Number PTA-5262), 6B2 hybridoma

cell line (ATCC Accession Number PTA-5261), 6C12 hybri-
doma cell line (ATCC Accession Number PTA-53597), 3B4
hybridoma cell line (ATCC Accession Number PTA-35260),
5G6 hybridoma cell line (ATCC Accession Number PTA-
5595): 4D1 hybridoma cell line (ATCC Accession Number
PTA-5593), 3F8 hybridoma cell line (ATCC Accession
Number PTA-5591), 3F3 hybridoma cell line (ATCC Acces-
sion Number PTA-5259), 3F4 hybridoma cell line (ATCC
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Accession Number PTA-5590). 3G2 (ATCC Accession
Number PTA-5592), and 2AS5 hybridoma cell line (ATCC
Accession Number PTA-353589).

4. The method of claam 3, wherein the tumor cell 1s
selected from the group consisting of prostate, head and
neck, neural, nasopharynx, thyroid, bladder, cervix, colorec-
tal, blood, liver, kidney, breast, bone, pancreas, bone mar-
row, testes, ovaries, brain, neural, colon, and lung tumors.

5. A method of inducing apoptosis in a tumor cell,
comprising contacting a PCDGF antagonist and an anti-
estrogen with the tumor cell to induce apoptosis 1n the tumor
cell~wherein the PCDGF antagonist 1s an antibody or anti-
body fragment thereof produced from a hybridoma cell line
selected from the group consisting of 6B3 hybridoma cell
line (ATCC Accession Number PTA-5262), 6B2 hybridoma
cell line (ATCC Accession Number PTA-5261), 6C 12
hybridoma cell line (ATCC Accession Number PTA-33597),
5B4 hybridoma cell line (ATCC Accession Number PTA-
5260), 5G6 hybridoma cell line (ATCC Accession Number

10

15

50

PTA-5593), 4D1 hybridoma cell line (ATCC Accession
Number PTA-5593), 3F8 hybridoma cell line (ATCC Acces-
sion Number PTA-53591), 3F5 hybridoma cell line (ATCC
Accession Number PTA-5259), 3F4 hybridoma cell line
(ATCC Accession Number PTA-5590), 3G2 (ATCC Acces-
sion Number PTA-5592), and 2A5 hybridoma cell line
(ATCC Accession Number PTA-5389).

6. The method of claim 5, wherein the anti-estrogen 1s
selected from group consisting of tamoxifen, raloxifene,

aromatase inhibitors, and estrogen receptor down-regula-
tors.

7. The method of claim 5 wherein the tumor cell 1s from
a tumor selected from the group consisting of prostate, head
and neck, nasopharynx, cervix, colorectal, bladder, thyroid,
pancreas, blood, liver, kidney, breast, bone, bone marrow,
testes, ovaries, brain, neural, colon, and lung tumors.
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